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,a~~~ 1"&t1B"" ProperUn ~ Llgbt~l6ht ABsre8~l.e co""ret.e.
Mo,Jor Prot".." .. : JoIla'o MoLoue,ll11n.
It yu the pul"pOae ot tbh ,tUlly to deteno1J>e tile rat1~"" proper-
tie. ot 11@.hewe1gllt -asrepl.e c"""retoe aDil to ~.t1pte tI>Io ernew at
varying Ule ai PTOportlo"" alld atrengtt. of thO mIx On till, property.
Fatl.gue test, I"'rtonllld on M""reWI bavI.ll@: tvo at ... du!.ano; one
belllg <l. ..1g>e<l tor. ,tatle co._ost..., Itreogth at },~ PIli aD<! \.he
other ,,"nISI>&<! tor & et.atlc eooIpreulve atreogtb of 6,000 pol. fl...
bal.cb.. of eo... rete Yen _ ... l.zl& ...ell 111... "'Ullin, aDd trQII. "011
beteh '" c:rl1lldrt""l lpeC1.lll!oa } 11":1>", In 41lu11et08r aDd 6 l""t>ea 10
le"6t.b vere cut. About lilli-haJJ" or tllea.. apeclae... "e.. ""'" to tUa
atl>llJl. ,....-I.y 1Q .poc~lII ....... te'W4 In etatlo c.:-preulOn to ......1...,
at ellt~te. of the ,I&tlc uJ.t~te c..pre,alve .treDgt~ ot the -o.tolloo.
ot co"" ...w &D4 Dearly 50 otben~ te.toed 1n ht~. rat1JU1O \eata
"'re eolld=_ .t Y1U"1au. t'trea. 1......1.00 at .peeda of 1,000 ,lIo1 :500
qele, per ,lou\<! 14 """ 411't....ot r&t1&'" touting _ell1.... 11>.
lCrouM·Pur<I. chi... vu tIel to u.t .t ••pHd. at 1,000 clc1•• per
mtlUU .0Il. _l.er _chi uHd to u.t .t ••_<1. at )00 c",l..
per mtlUU.
It _ t_ tbat Y1tl>.111 tbe Ua1t.e at W. l .....atl.3aUOll u.o
tatteu- pn>peru•• at tl>.e 11&b_1&bt 1IfI&NPt.e c:ooentf' ....... DOt
•
eballlled 1»' Ya>'}'111g t~ .~",t.l> of tbtI e<I""... bO or .ggrep~ proponlo".
or tbe ..,....nte. H ..... e1.l<J tow>:! tho.t lbe note or t.e.t1.lr6 ....." 10 th1.
t.eetlll& pros.... Il&d. 110 .tteet 00 tile ratigue Ir<lpeMlu or ligtnle1pt
qgnptAt collcnt.e. CXpui.- or tile uta collected III 011 etudy viUl
<lata. collictcd 111 • F<O..I ..... et\>:lJ' 111,Ucet.ed that t.hlI l'atiguot properti'.
or llght....l&1lt .,grept.e """"rete are IIOt .~<U1'I"""tlJ' <Uttereot t1.1l. the
I_U.s"'" I3'Opertl.ee or _1 v_1gbt <'01lcrete.
bulldlll8 "'\.erial. tn ...ll,Y 1".\$1:1.... ~Ile aMIt1<>t>al eOOl~ llt the 14l1l~-
the e"~tre .tnJ.c~ure. tile upper d.ecl< or t.Iul saD Yranel.",,-OOk.lo.nc1 Be.y
B..l~ YIO. paved. with concrete .... 4lIllq; apFOJ<J.,.,telJ" lO~ pd. It II
ull..-t.ed. IlIaI Ille ....vlllll. Mde poulble by the woe llt 14lllt>fe4lll1 ""D-
•0...1. ag)Unted. 10 aboul $~,OOO,OOO (l). Clole .lIalI.I ....tIOD 0.... :r-r
arte.. e.-planon .boweel. !.hat tile 114llt..... 4lIlt """"....U ""••qulnl.nt 10
on""lruction llt .111... broughl tnte....t tn tbe _tarial .1 an eeODCW1eal
.ulla\$l:lO'll tor bulld1o& eonotructlon. 1Ie.......l .tudl.. 116.....-.. tll6t a
wll10b ..ke. It even .cr. d•• ir.ble ••• bulld1o& ..Uri..).. It Ila. been
•• _ u ""..-1 """.....U aM ba"" U>e,,-l "",",uotlvlt1u llt about ooe-
In "*",,,Ibe........16111 10 ...t .......... 11.lad "I t.Iloo .nd or
,
or t.b<o ..art..... au,rega,w. &,...11&1>111, b",t relathe!J" t~ te.t. have been
-.de 00 the propntu.. or tile fio.abed e<IO>cret.e. ODe property tMI II
or vital 11l""..... t In evel')' Itruot\l...81 _WrllOl 1. HI .... lIte""" to .....
pe.~ .Load.1"ll.
MIl1l,Y tut. !>lye been CO<l(\ucted to d"te...1no u.e red_tan•• of
• ..- .."".. 1.111 to rejlelt.e<i looad1"ll' It hal been found tor "XUI'll,
lllAt tor _t neela I defln1te endura"". 111111t can be round.. Bel"",
tt11. lo'h....""" liJll1t 1M _tertal can II'Pa!"eaU.y 'I1t""teDd .." 11Il'1n1t<:
""",bel' of .tren IppU""UOIill \/ltJ>out h1l1.o:lfl. A grapb or till> per"",n~
or u.ltLmte Itre.. vere~ t.he log or the n\llll>er of .tren lpp.l1eo,tlona
llal " ""gatt... 110pe all<l 11 reternod. to II t.ll<! 5-/1 curn. lI.....n thl.
0.,.."" if pl"tted tor I ferro".. .tel, the curve levelll ott aDd bl~1
horhoot.el It tile eM"ra.."" 11a1t. It II<> OMurl""" l-I'l1t .a" be ut.el>-
1I1be<l. t ..... OW"V'e oont1""",. to have • ""ptlve dope. COllerete 11 •
"'''''''181 In "bleb DO 11..111"8 ott point b... been utabl1ln.d (5)·
LlQltV"4VI1 It&Bregoote oo~"" h60 prown tt.oe11' to be • ,,"tul
It,.\IOt l _Ural and. Itt U8U aDd IWHeat10n0 are betolll.1ng lIOn
rnaero ellf!ll>Hu learn aore about It. 31""a It prove~ to be"
eoat-auillf! ......rlal 1n t.h/: Solo 'rsnc1o".,..Qo.l<lIt.nd lla,y 1Ir1<lge and ..,veral
otber ... JOr brl<\e.... there h reaoon to be11eve that It ..Ul cootl"". to
be uaed 10 tbeoe applleetl0n.0. Ito propertlU of l1&!Jt ..el&!Jt .nd t...t
1nowtloo _lao It vary dutr"ble .. " building ...terlal. III bridgu
,,<w:l el......bere. lJ.ebt.... il\bt &8Ua,;ete c"""rete ..beo ...1I:<I. ao " _terlal
_t be obl. to ..ltbo~m;1 ...petition of load1llf!. lleJ>Ce, lIOr. lQfonatloo
la oeede<1 01> the fattaue .-eo1oto.J>Ce of tilla ... tarl.&l. ",., vort reporte<!
10 tbl. tbeo1a had. ... Ita _JOr obJect1ve, tl>c u~bl1o_ot ,,0<1 """"Pari-
aoo or tile 3-11 rel.atloll8bip or tvo lJ.ebtv4tJ.ebt &8U.tate CODCretaa.
,
I.ITmA'mRE REVIEW
Before Ule WaUllll or t.hl. atlMl,y ..... begWl .n ntenalve .~y of
literature va. e<>""\lot.e~ 00 tile I"bjeotl or l1ghtwelaht -urep,te 0,",
hU.gue of c"",c~te. L1te ...ture Oil the ollanr.ctoorl.U.1 of rat!.llue raU,..."
Illd tlle rltl.l!UC1 of ....tel. "". allo revi_. MOlt of tile literature dll-
CUlllllll tbe tatlg_ F"pert\u of ....t.al abo duerlbe. the pbe"",""DOn alld
u..ory bebtr>:i tl1e raUure of _t.ertaill lubJeet.ed to repeated l<»ding.
lien"" the I"booe<jueot diaD""'!oo of ...,e!ltoolea of fatigue vill be ba.oed
prlmarUy upon !.he ",."Ito or r.tl3"" te.to e<><w1uct.ed 00 ... tall. 1J!'.u
1. _ abOut tbe ...el\ali1el of fallure In co""rete but tile foU<:Nlll/i
dlocUloiDD vtll suftlce tor. backgrol1ll/l 10 r"tlllue tIU"",".
!IoolencUr.tW"e
Before p",.eott.., t.lle balle "",chanica or rt.t1gue tallure H v..
telt llla1 the ...-"cl&ture uaed In I.hil tbe.lII llIo"l<! be den""d. In
19109 tbe Aloortelln SodHy tor Telll"", Mot.er1a.lI publ1.bed •• toollllard
let or aymbolo.lId derlD1tl"... tor un In raUgue t.elttzlg (6). Boornr.
tbl. u ... the.... vu DO ItellllaTd <><*enclal"",, ..,., toe... pre,.eoted In
the ..arJ.¥ l1t.eratuno veee lnt.erd>a,,&ed. a<>:1 eonru.l<Jg. TIle detlnH10","
._0 belov are taken fr<o. \.lle *"",,1 £!! r.tlgue 'l'.,.tl9f\ (6).
Stre.. C1cle - A .ue.. c1c1e b tile _Hut ,.ectioo of
tbe .tre.. time fUClCtiOO vll1cll 1. repeated per1odieall)' a •
•11""" 10 rtgure 1.






























































































































































varlat10D 1n Itre.. condltl".,. ."..ed by g""""trio dlleon-
tlnuitle" auch •• hOle., groovel, fiLleta_ aDd etc.
Stren, S -
~.
KJ.ll1aUIII Sirua, 8111"" 1'be 1""".. t value of the atre.. In the .trell
cycle, wadle atre.. be~ cOn<liderod po_Ill"" a"'" oaopreo-
8tre.. llao;;", aT - Thot algebraic dUte""""" hewee" lbe ...,,1=10
and -.iD..lAUII "trell In """ 0lca, t1.t 1. ST • 8
tlaX
3..1,,"
_ Sirell, 8.. - rile .1£eb.,.le _" of the ax""'" am. .. I<WoWII
atre.. In 0... cycle, Ih,n 1.1 8... (8-..; + 3<O10l/2.
t.,1Q8d tor .. 81..... " te.t condition.
1.0 t&llure.
Fat1&"" L1A1t (or BlIc1un.""" L1Jo1t), S" - the 11attl<l;; value of
.tre.. bel"" vhtch .. _Wrl.&l .." ~._bl,y endure ."
7at1guo Stre"Sth, 8" - n... ~t.e.t .tre•• which .... be .""w,1z>t<I
tor .. II..." _r of cyclu 0111_1 trIoeture.
,
MOe",",,1.. 2! Fatigue 'aUure.
Bet,," <:\'llcUleill6 the med>t.lI.i_ ot tatta"'" r&11ur.. , H aigbt be
yort~"bue to rev!,"" tile meUiod 1<1 wbleb .. _tool tall.1 "ben aubJect to
..-. p-Uter thaD It.o II-1tt.te t.e ...Ue at....... ..,_1. _taloI arl _e up
of ........ t.olli.r:lll! .trueture vMel> h ...,1. <1eatrO)'e<1 b)' the <Ulto.... tto...
....1.11"6 rr- t.....lle .tre... It 1.11<I adjacent ol')'u&l.a are _","",llled ..
UIe wllaiLt et.n•• 1. t"".....ed, it will. be toWld tlI6t tbo 1>0.." bet...."
tbo tvo cqetr.lo 1. !lOt d1,.turl>"<1, bllt that the ;rtd.d.l"6 vill took.. pJ..o,<:e
al""i .Up 1'1.1"". at .. l1a1t.e<1 "Ullber of plo."". v1th111 each cry_tel.
Tll.... 11' the • ....race of tile toto cry_tah ve.... pol1._ betore elo<lp.tlOD,
tIley voul4 loot 11.R .t.e~ &ftotr do_tt"". Aa thoo .tre.. I,. l"".......ed
t.he llImtHIr of dip plo,.... i""reooaeo WItH .. OO..uttOll or failure oeoun
1>1 tAtarll1! or tlllf cryatau &1011& tbe .1Ip pla"". (7).
1be.... bu _ .. -..ell oollt~uy .~t vhat ll"tU&1.l¥ beppe... _0
aUp ""'''''''. vl1oM.... " t.ol. The ae""'r&l teel1JlQ: 1.1 lllAt tbe IOOle.w.-a
ale"" t.he &lip pl&lM1 UTa"ll-.1 In ."",11 .. v~ tbat tbo tnter .._le
bo...". arlO deotrol04 bet" n 10M two raeeo ot aUp..... ,111' took", ,,4"",
.. tllll1 t1~ or ....rpbo... met&.l 11 prod"'*'- whicb eeooeotoo t.be tvo ra"".
togetber. 1'I>h CCMnt1q; "",,"tee _ etr<>"6_r boD;\ than ~lov..~
nht&d &.lIIl bel1l:e the ..tal bu _ ;re.ter rU1&t&",.,., to dip. 1'111&
ve_totr ruUtance to elip h called _tr_1.l1 h&>:<1en111S (7, 5).
ht1cue r_uure I.l1vo1V<1te u,...., etage. (9):
1. Sl1p OCC\ll'& ruulH"6 111 etn1n barden111S .D;\ latH""
<l1.t<>rt10Il.
2. 1'1>& ret1e;u& cnd: etarte.
,. 1'1>& cnclr.e~ lllollS tII& PIlotll or l••t l"Ol1&t.a.oc:.,

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It",.. bel"" tbo It.ootlC ,.U~t.oI .t~.. tt tll.t .trll....... "-!'PUt4
"'PMtecU:r. It b ria u..t laol.ber .....1.... ot tile HUnt...., "" \be
,.t1l;" or _tat. vo..w 71014 DO ""'rUler Illt_U_. bill u.t ....-
_1'1..tlOl:l at UHt fl.tll.l".. or u.o _rlJ' !J:l",upt.o... ..,\ll4 1>4t brlprul
"" tile ~ret.ollll11Jlsof \lot ~lc """""'pta or r.t14UO. S""Ii ......
MrluUOIl follcw.:
1. "41r1l1ltc t.U Halt can be ••""b1l._ tor tUT'OUa
Mid••"'" hrro aUoTO. At Ult. r.l1&" 11&1 t III el_
I••pl"'","1 III t'" S·~ dl.q"'•.
2. 11<>.1 "",,·hrrQ\UI _t.erIa4 <10 not boo"" .. d.tl"ll.e r.u3""
coati"",," to .1o~ __rd.
}. '4'11 on tl>e .",.rlce ."'" <Uloontl"uHI.. U l.be llll.erlor or I
.Ural 1>0... deUt.e"l.al .frlct "_ I.M tIU,,,", ......",t.b
of u.. .terlal.
,.. S~ or t.e.U.... aDd t-.p.r1It...... -.~ .... ,trlcl ,,_ ~
tat4J;"'" ......tI&Ul ..ale•• tile '-P!rltu:. t. b.t&ll. It tile .1......
10 .ppU~ It .0>dI .. nt.e tile! Y:oe _1 pIli due to tIycote","11
coo"""t bo dl..l",~, u.. ... I.e or telUlI& .,.,\ll4 .rrlet u.o
hot1a;"'" 0\,..,0&1.Il.
,. It ...tal 11 ..._~ ,treuO'<! bd"" It, r,uille It.H,
.luI0 hardl"l", .,111 oce.....<><1. 1be t&t1&.... Ute or tile _!.eral
vUl be 1"" 4.
6. AI I.l>t _II .~ Iz>ere-..e., I.be ra",. of .tAU vll10b vlll
.D<I......... h Il_~ or qclu dec........
1. If f.~~ ".UIlI I••toopped &<Ill. tbI .~C1Mll .llove<I too rut
tor. vblle, part-1&l reeo..rl vill talta plao••Dd tl>& t.tla'"
Ut. vlll b. I"".......".
,he t.tla'" .trellitb of _tal. 10 be.t correlated vltb tile Ialtt..t.
""'",Ue .tre!llltll. BeY<t... l IlIV'eU1g&tore 1>&_ .ttetlpl.ed to ..tabU.1>
n1.&Uo",lllpe "'-tvceo r.tla"'" .tnllitl> .04 other prO""rt1". or .t",,1 but
t""•• hav. DOt le4 to ..ry ..tl.r.etory r,,"lalta (8).
htlg... of Coocntol
10 reo.ot 1_r.........1 10y·..t1g&to... have oe.pJ.e""'d ......ral u-
teO&ly. l1te...ture reylev. On the r.tiS'" nr ooocret.e. 1019<'7 Moore
.04 _ ... pu\>11.1>ed. t.l>elr tot oa!!!! hUg"" 2! IIOtaLo vbleb eoo-
tal""d. Ol>&p""'r 00 tbe t.tllUOt ot o."".at .""" conerete (7). 'rbi. ol>&pter
pre..oted tbe ta.t••Dd .ulalt. or "1lJ' lnvutlpton betore tlilOt t~.
In 1S"a ,ordbl publ1.bed. • paper ._rh1og tile t leport&lIt l1te...ture
Oil tbe r.tl&"", ot conerete (5). III bi. l1tero.ture "'1>, IIordbl rui"""-
..rIO tb.o 100 pu\>l1eat1on. l11clud11l& ...n,y I" roretso l1""'nture.
,be vOrl< ...ported III tb1& tIle.l. 1. port or •••ri•• or t.tlgue
"",.t1l\1 proP-'" to be coQlluoted .t Purd. Univer.1tl' Prnlo,," to t.l>1 •
• tod1 00& ..... eo04ueted bl ""trL. .t Purd. UniY<tr&1tl to <I.""'raI'" the
effeot ot entral""d .Ir 0" Ule r.tts"" pr<>pert1U ot ",,""re"'" (12, I}).
A.IItria locl_ lOll """", 1.. l1t&r.turlO ,..,y1ev 1" tbll vr1te-llp ot 1>1&
VOrl< (I}). 11110<0 tl>O i.l.&ble lite..t ..... t.. beell reyl_ .m .....
_rhed. lOt 1••t tvl". 10 to. p.t rev .rea", It 1. t&1t that tbll 1"do·
010.<> or .DOtMr ee.pte"'" '_'7 III t,,1& tt..I. vov.l.d not be v......._.
IllOt6&d, tbol 0011<:1....10"" dr_o tro. tile prn1",," reviev. vlll be _ •
....ted &l.nOC ,,It.1> • re..l or tl>O l1teratw'o vbleb 1>&0 beeo pu\>l1.be<l
.i_ tbe.....yl pt.ted.
1. n. .....l;t l ......UpUo... tadl ...~ I.bU u..... u • deti-
..I~ 01...... UIo.1. t••ppr""~~l;t ~ to ,., par ",""1. or
I.be ..1\~1.<0 .~t1c .t.ra.. t>e~ vl>ldl """"... 1.<0 .....
......s..... r.l.icIllA& .,,1.1011 l_rl.aI~l;t. -....I .-e vblcll
I.be _r or qe~. 1.0 r.u..... <Ioa".-.... U- .1....1.
I ...........
2. Ttla...._ ... to be 111.1.1. _raU.., 10 1.b1. Hall. 1.ba1.
1.4.. to 1.10'* at' ~1.1l:lJ (ee-pra.. I ...., rlu.......ad aa·
.1... , ...'" .~ or a.l.I011.
,. .........01. ... 1. occ..... 4=1011 U. _ril.r .~. or t.bIt
r.tla_ .cU.... Ir u. ..... t..a .t.re•• I. beleot U;e
rUIa_ 11-.11.. 1.be po"-,,",,al. ..1. clIel ...'" _ta-
~I ""oatanl. -.1,.. Itre ~ I,. f\l1.Ia"*
Hall. pr"CI&nul ... .s.t"o Uoo.
~. ,"",0 tbe .ppl.tood .tre.. I. belOW U. t.I.Ia" u.n.
t.be _Ill... or da.tlcn, ....dIa••04 .I..~I...
""...~..t ..luo.
). TbII repel.ll.lo" or • 01..... vhlcll I. bel.cv tbc r.tJ.cl.Ht
llalt .ppear. to Incre... I.Ile .1......1.0 or eonc: ...~ .
...rd.b1 () Joe. l'Ilrtber 10 1.-<"101", 1.bII .... ,.1\. <It t.be...._
t ...... tlp1.10....ad hi. ""...1...10111 .... ~\lO1..4 ....low:
1. Uadar ..pe1.ltI loa.4 I.ba _Ill... ot .1I11.1cl1.1
olla",.. 10 ..rl VOIl. IlepladlOC "POll t.be 11I1.e .. •
.11.1 or 1...4. TIle ......1. _ ..1... <Ioacr vlUl
...pu.144 load.; I.he dopa or u.. 11. -11. 1..
C\lI"ft ., <Ioa.._ .. 10 t.bit leot.r parI. ot t.be c"",,
.M I"" d1&htl;t III U- IlPpar pot"l.Ioo 1.0
becc.a ft upwar<!..
2 ..... ......" cur1l:lJ ba•• 40101&1... • tt..t 00 U>a t.1.~
.tnOllUl. I ..dlq\at.ll;t qed .04 CIlnlI w 11
!au ..al.~ 1.0 f\l1.1&Ila Ulall ...Il ......" ..-
~~.
,. ...1. par104a _ 1.<> t UlI • __ or
..........t.e all.laoollo 1.e.1. ulw .......,. .-.
~. "'1.Ia_ .1...11II1.O al1&ht.l.J w11.b .oar












































































































































































































































































































































































































































































































































































































































































,. 50"'" hU...... _ .......... a"'" tOIl"'" oll.l.J' utlder \ItlI,UIual
olrollMt&llCtIa, 1. ••• oJlort be_. ehort .!lolar .p.o.
~. 'rI>I \l.lt~t••tn",;t11 ot pn.tre..ed b-. tor at.t1c
load. _. Wl&ftecteocl b1 repoHuYe l.od.1JlI; U' tlIe1
d1d ..,t tdl b,. t.tJ.&ue.
,. Wet1 hcwre 100_ W be 1~t.&te1y "two"
_t... t tat16\&<' taU,.... for _t or tile beau telted.
6. I'Telt.....e4 _ ....ee.e4 to be .uperlo" to """".ot10".1
__ tor r ..t.t1Jl,g htlg'" 1<>&41Jl,g. 10 t.ot. 10.
re""ot peper. lold:>erl."'" Walther .....lytle&l.1y ...r11"11111
t!l.u b1 relatl"1 tile -..,.tlO<l. ~Il d1&&..... ot botb
the """",rete ."'" pr.. tre.'11l6 .teel to IJ>fI tJ>e.Q.... tl".l
.t........ 11l bOth t1P" of beau.
eJ>:1 ltol.lo"6l>l10 tou.n4 Ulat 10teotlollll.1y lotral ...4 .ir ta. OODO...te
cUd z>ot aftect the tatJ..lu& properttu ot tile """C...te (12). It va.
eotre.1l>I!<I. """"...te. Th... tJ..odl"11 ve..., the ruulte ot tattaue te,ta
DO &.l plIoio OODO...,te 0111ode... , lootle, 10 di.&DI ... r aDd 6 l""be. ta
leDlth.
III 19:.8 Mcc..u attellllted to 1_ I """,",laUo" betweeo !.be II-I
0....... aDd the prob&bl11t1 or l'&l1ure (11)). ltoCllll ooo4w:ted fattaue
te,tl 00' ll' II 11>_1/2 1_ plata ,lr10t...l_ """"rete -.... TlMI
__ vare te,ted Wltll tile)' had t,iled or eDdured 20 11111100 ...petl-
avel oft 10 the ..llbbor_ of 20 &111100 oroal &D4 Ulat the
probabllttr of f.t",.... tall..... ,t 20 ailll00 c~l.. 1, 111&hU¥ 1..1
t ... 1/2. J, s;n.:Pllle&l .... laUo...btll bet_o the ,-. 0"""' aDd tho




The purpoae of t.h1l .t~ va. to dluna1De the tat1l>ue ehaue-
to.1Itlel of 11&llwe1&ht "uresate <:ooorete 100:1, turther, to IIIYllltlpt.e
the eUeetoo or -ryl"ll tM Itnagth .!XI ~,...,p\.e propcrtlo,", On tllll
propeny. n""'lll, 1t va. tile pury6.., or thll .t~ to deteT&.loe tl>e
r"laue 11.1t1t or 11&htvelgbt Iij;regate <><Increte it U1e datr. 1<>:;\1<:aUd.
that one e%llted.
Spect.e", "ere ...de fro. eOnerl"" of tvo d1lrer,.,t proportlODl.
0"" vu dellgoed tor • 111gh Itre"llth Illll re4t1vely hl.$h ""....otago or
fiDe ..ler1o.1. the otbe. 0>11 VU <k11g_ tor. 1""0" Itrell&t.h IDd ..u
del1gl:led tor. high per""o~ of coe.ue _tlr1o.1. BOth al-"U ..ere
dUI£.IlIOd. tor tl>o _ dlllllp In:! __ ""«,,otago or tottol 11r. Ilatel>el
we,.., ....de periodically 10 tbot o""cUlllno vere te.tN .t nee.rly the
...... 1ge. 8pee1M... vere too.ted fro. eaeh boot.oh.t .tre.. l ....a
0.1 ~O, ~. 60, 70, .lId 80 per OIot of the I\.aU" uH~U cClllPre..lve
Itre"Olth or t.lu! rupeetj"" bateh.
Th. teotlll6 progru va. divided IIIto tvo p.rt.. I" tile riret put
te.te vue =nductcd Oil """"ute dU'\;;DO<1 to be"" a .teUc comp"'..I""
.t llllth at },500 pol. Thla """crete ""a called the lov-etrength co,,-
c te ..<IIi "Ill be ",terred to ... tile U. ...rl". The .acond part ""n-
.I.ted at ""nduc~l..<li; te.t. on """".... te d.. igned to have" .tatlc c"",-
pre..l"" etreas~h at 6,000 pal. Till. """"ute va. called tile Iltgll-
.t....asth C<lJ>Crete and vl11 ba ....terred. to ... the IU. .erle.. Eacll .erl".
Va' .....te up at rive batclle. at c"""rete .cd trom eacll batch ~ cylillden
} lJ>Chu 10 di.a<:leter .. nd 6 1"""". 10 l.asth v.,.., .... t.
All of the "yUnden froao "ll)' batcll lie", cured tor 26 daya, atter
lIhlch, about ace-halt at the.. ".,.., plaeed 111 ..11 Ovell at l~oC tor about
rour de.Ya to pr."""t rurther h)'dnt1<>n. The r""",tn1q; cy11...,e,.., ""re
plaec<1 I" .torag••t ..- conditio....0 that ~bey could be teete<t .. t
• future <18"". The obJect O'! the future te.uas t. to <Iete""t"" vhetl>er
or DOt drytas or tile aP'c1.Ole0 til .11 ov." "Ill ..«ect the r.t4!;ue proper_
t1ea.
Alter tile drylq; " ... ccapl.ted. the apec~... v.... re_ r .... tlwt
O't"eo allll capped. 'Ive apec1.Ole1la ....... tlwt" chOPn at ,..l1li...nd. te.ted.
III .tatlc coapre..loo eo !.lIoIt ao ntu.te of tile batcb .t.reogth coul<l be
.e. 'atil;"" teat collllucted all about fl... or the ra-ll1.1.Q8
o,H_,.., at ...-t etrooee laTah. U ao,y .paclaella froao a batch re-
_1"'" after tbe fe,tl.&..e teatlas .... ocapletoed, the, ""roo te.ted 1.0
etatlo Cc.prooulOD t.o <I._ra1", ..tiler a'l1 "be..., t.o tbe t.teh etreacth
ocollr....d dllr1nl; t .... f.Ur;ue lutu,t..
ruu WOrt .bo CondlOOte<l on 00. beLch f,... l .... IlL ..rln to
deu...lne if lh. rAle of 1""" .ppllc.tion he<! &n:;/ .ffecl an l .... rn~
properU.. of UO>t... iu.t .""",,NOte.
M.ourt.b
Tho ~t.n led in lhh atlelJ" ..as .....~ .baI. FOdllCcd
11:1 • rou,.,. klli. It b.1pped froo U.. prodlaur in central. lI>d.w.a
to Pllrd... lInhluh, 11. l>ap conta1n1rlf; eU"cete of lwo .1..,.. The
vaout1oa. of U.... l .... ~ec.le .t..,......be.., 1n TaIl1.. 1 ...... 2.
SWI u.. p/l7.1ca.t F"prti" ot .lCJI&'lded .1Ial•••""" .. 'l"'dUc
,,"ult, and all'''l'Jol~clI chancUrini.., nt :' ~arl.ble, lbe ....
of U.... p pertleo 1n lho dulen of the co te nol practIcal
and u..•• p p'rti not dat....lned.
Tn>e I portland ce nl ....,lIre.lIIred In o.ntral Indian. "aa ..- 1n
bolh at. dea1vn" All of th. o.-en~ ....d 14 ~hll Iludr coae froll ona
cllnker b.lch (l.bor.lor7 deli~.tlon )l~) and il ".1 ••I ....d lhat it •
• harlol.ri.tl.1 did not v.r7 11vnlfi.anll,.
DaTU " .. ~d.d to lhe .1.><lng ...ter of .11 b.t.he••• an dr_
Inl~.llIlng .g.lIt.
!!.!.! Duiro
'"'" -.Lu......... ,.dp>O<l 1n ...0...........llb lboo ACI ·Propo..d
Ree' '." Pr.cllo. for salacl1.r'.£ Proportion. for St..... t ....al Ut.bt-
...IFt C<mc......... (IS) e~.~ that u.. epaciflc unit, (actor .... DOl.........
1M Lu.U_ o! tine aDd quote-U lhat -t.d riel<! u..
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dnlee edloo1 • RaLl_ter. !be Rala..""r I. ~II tUloo1 "lth ... ter
.1Id rIlLlod ""tll tJ,. .1r l.n tl>e """" .."" 1. dbp400d b), tblO _~ ".""r.
'!bot 4bo... to,.,. .... IIOt -.;.u1ppec!. "nb • Rala..ter at th& t1M tb.1••tuIiJ'
.... ill proc"". ~t a PC.!. t)'pe _tar ......_11..bl. wid> .... l1Allar to
tbI llola..""r 1..._,.,. ....)' ""","pt 11".
I. bo...-..! llola..ter .... .,.cd to da""rmo& tM air """,teat ot tbI
U. Mrl... AU """taot " .. a40 de"""'l_ tor U>oI U. ..rico b), n>lU~
U. I'CIo t)'plt ..ter l.n a to.&b1cm .l..&Ilar to tbat ....... tar tbe Rau..-eter.
TbI I'CIo t1Jl'O ..tar val ...Ubr&t&<i "Ub t ... 1Io1a..tar t.- aU
"""ta"t doI""...l ...tI..... _d. 011 tb& U. ..ri... a.114 .._ra1 trIal at*l.
loa """,""at d.""ralo&tl_ Oll tb& bl.&b-U"'lIIUl eo""..."" ""... _e "1tl>
M01d1.l!tj loci CUrl!lfl of 8po;et- ....
Thlrt)' .,..elM.... , 1"",1>11 111 d1aM""r alld 6 1"",1>11 tll l."lltll.
C 192"7. 81_ .....U .,1.<1& " .... \&1<001, It "aI "'''.&&17 to "'1'4'" tbe
,/6_1nc:b dta-t.r rod b), a ,/6-l""b da-t.r rod..
t-1Ia""lJ' attar .,..tlcg. tlM 1,...lM". _,.. .,.,.,.,rc<l vltb ..tal
~II& allll. ..1.woad r&&. to praYea' ....por.tlOO vIlU. tll&)' ...."" .tored at
..-. _ ...... t ..... t.o th& ..ld.& tor 2\ bou,r.. TbI elM"" vera tb&a
r__ t.- 'bdr -.ld& a.od .tored tor 21 <1.&1. 1.ll t .....t.<Id 11M
11<>1"'1_ at a _ ............. of .-.. 700,.
Drzt.
I.' aD &&'I of 26 da¥a. aU of U. 1p&<:1M'll& ..... .........s rr- u.
....... t.<Id 11_ Nl>rtloo. ~""1J' -balf of tb& qU-... rr-
_dl ...te.b _ ..~ 1>:I ..a .l.&etr1 aoda~ to U7 at 10)°C
"
Wltll they ru_ conatant ...or1&/>t. TM u_l.1l11lf: .P'l.~'" froa e.tl>
betel> we.... pla,,"11 Oil ""elvea In the laboratory to dr7 at roo. t ......per.tur••
Oven cirylag ......1ly ....qu1red. to.... dooye.
c..w!OI\
Al"Iou tm. e""el.ze ................"""'Od toOOl tile dryl"'1! oven, they lie....
• ll~ to cool tor 2~ hour. bd'o.... ""pplng. 0..,. ....,no t.beo placed on
".eI, "l>Il. or .ll oyUnde.... In the device ell""" 10 t'1gure}. A "ultur-
••r!:>on cOIIIpouod (trOde na:oed Vltrobol>d) \laI uaed tor the eaP.I'I!lll ..t.erial.
TIle capping ..t.ertal v.. lie_Led. to ""Foxl.."'l)' 27'''C before belog poured
into t.he ..o~. the ""'JlO' bad .. tblcl<ne.. that ..... Ied. t"r<IoIl 1/16 of ""
l<><:h to }/16 or an Incb, d.epeodl"l1 upon tile el>d .O!><litton. of tile
lpoel....". .
..... attempt ..... _de to arnurse tlle t.eltl"ll program S" thBt fatigue
teata could be _!.arted wlUl1<> tour Or rive day_ ,.rUle oven dryil1B. sevenl
pover t.ll~••<>:1 _ell!"" breal<-.lovlll lDt.errup~ tlle t.eaUIlS FOIl ...... ,
_ever, ao tllat .. ita. lag Dr t...,. tv<> <lay" to tv<> veeu occurred
had no effect 00 t.Ile r.Ua.... propertleo or the eoncrete.
8\41Uc Coopreulon Telts
Statio 0001.1'.....100 tuts we,.. tol>1~et-.l. on 1'1... rlLDdOClJ.;y elloHn
.peet.e... frca eooeh lI.tell to e.t1_t<t tl>t u.l.t~te .tl'fl!l6th of the t...tell.
'ft>e•• ~.t<I ....l'fI perf~ In a R1..,la IORV·type toeltlll! _ell1l11l ...1th a
G~ ....... 1&1111 .poe<1 d,rl 't'be _ehlllOt bad a ""'poe1tl of ~.OOO lb••
a"'" the oo-load -.I lpea<! t at 0.0:; 1oehe. per II1llUte .a preaer1ba<1



































































































































































































































































































































































































































































































































































































































































































































































Otber ••,..,. Of ioco.plete date ~re ~r raUur.. aDd _obJ....
breu·dovno Ifbioh rullled all or the ....1..111& .~c~ .. In .. boIteh. 0D<>e
tile t.eltln,s or .. lpoelAen bad .topped, the Ipt.,1meo ...... ,H.c.nlecl .. lIIl. ..
Dew lp"c1DtJl "eo "".ted. Ill> attempt .... _ .. t.o tut at the 90 per .,.."t
,tre.. le... t "He-un It "&' touDd In .. prevloua IIlVUt1gatloll that, >11th
tllf, a'l.Ulp""ot avaU.ble, the aped.... would tdl l>e1'ore the 100." eoul.d.
be ••I.f,.blhlled (1').
TIle IrDUH-Purd... ",".1>1...
lot tlIc beSlll.ll1. of UlII 1t.u4¥ onl¥ tbe KN...... ·PIIr\l.u.. tatlglll!
t ••tl"6 _cbl"" ......""Iable. tbt. _chi"" 1-. or the eo""'te.Jlt deflec-
tion type "h1eb derhea ita toree to... IQrdn.uao preuur.. &.tll1& 00 ..
plltoo. TIle 1r0000·Purd.... _c:h1"" II ell""" In '1&"'" ~.
1'11'0 .'*PO""D•• or I'*" are appUad br the KTO_-Pun!.ue "'01>1""'.
TIl.. tirn 1-. ,.", .ve,,*,\e p-el~ "blob 1. pr<lpOrtiolllO.1 to tile dUtento.,..
In .""rage pr....",.... exlltillS at OppoIU... -'lOU or .. ~ul1c cyllllOUr.
'It.a 1<*1 1••u~tl... l1J' eont.roU-.s 1:11 .. ~relilic _~.'up p.p. Tbe
pul"Ull$ 1"-<1 I .. ""ntrolled by >'aryillfl tile tbroll of ." eoeeotrlc cro.lIII:.
Tbll .,........ l".dl.r\ll Ifbleb 1. aHe.".tel3 .larger -.1>1 -u.r u.." tile
l""e1oo.d_ Both 1"""'e .." Ile edJu.Wd vIll1e the ....<:hl ... le l..ll. opent1o,,_
A e1.DpJ..tfled 11". dJ..a&r_ of the !trouee-Purdue ."hine 1e ehow. 1"
riaure ,_
'!'be .pe"1me,, 1e ""14 1Jl pU'" bye" adJUlItehle l ....d ."rev "hl"h
ext<ollda through the upper head of tile _<:hi",,_ A revertlble _tor le
...Itd to _dJuet tile load e<:rfN' _ proYlde tbe ...qu1red teet1"l!: ept.""_
Vile" tile reqUired t.eet1ll$ epo.". l:lu bee" ..4blbbood, • l.o<!.Il.1l1g nut 1.














































































































































































































































































































































































































































































































































































































































































































































































































FIGURE 6. SPECIMEN HOLOER
"
FIGURE 1 PULSATOR








































































































































































































































































































































































































































































































































































T!>e <l.1.eu... 10D of ~Ile re,ulU or 1.1>11 ltu<t,y ho.l _0 <l.lvt_ 101.0
three P"~1.I. TIle ri ...1. p"rt II eO!l<:lnMI<I. vil.li pl>ytl""l prO~~1.leo or tl>e
plalUe ooocreUl ..lid. ~boo .!.atle 1.fI1t. 0" the bardeoed. o=ete. The dlt-
0\,..100 or t.he r.tigue te.t1.l:l6 <lI.ta I. pre..o1.e<! 10 1.1>0 ..""net l'I'~t .0<1
the 1.1111'<1 part It oo"oer..<I. vlUl tI>e ",,",pa~l.oo "r 1.1>0 ~eoult. or tb.1t
1~l>1y vltb the re.ul1.1 or • prev10Ut .tU<l3.
'\'oalpll or Mix Data
Sl,noe e..ch .ertu ...... I.ttd. or • lIJ'Oup or ri" "PI~at.4' ,.txed
.... 1.oba., It vu ""o..~ to ut\.llll,te tile prO~~tleo of each .ertu rrom
tI>e prop"~ttu or tl>e Illdlvldual ba.telle•. The i"U1"'1' or 1.11.11 ItU<l3
v... to co.po.re tI>e rausue properttu or toe tvo c1&&... or eo""...te
but barore 1.1>1. c:oIl1<I be <lone, It Val ",,"'"eary 1.0 ahOY ~ba~ otl>e~ proper-
~I" of ~I>e tv<> eOllOreUlI v.re <l.ltr.re"~ a"" I.ba~ ..eh bo.~eh vlt.l>t" a
ler1....... 1lO~ dirrere"t tb.o.n tI>e o~he~ .... tclle. vltll.ln tile lerlu.
,\. .ta~tIUCal prOoe<1ur. ltoOvo a. tho. ....4111 of V&1'1&nee VIo. ute<!
~o tel~ ror an,y .1«"1t1"..n~ dirtlr.""" betvee" the aver....... tch .treagtllt
(19). \fheo ut1o& I.bl. pr'1>ced.ur" tvo utt.ro.tel .... _de or 1.111: total
v.~1a"'" 10 1Dd.lvl<\,.1 lpee~" .1....",1.11&, the.. bet.. the .... of ~he
1odJ.vlo1U11 varllllC& vltb1n eacb bI.~cb .Dd. I.b. ","~1aI>oe bal.veeo bl.1.<:I>oI.
It I. k-.. ~lIe.t 1.1>0 nluo of tvo ..~I&""," roll""..... J'-dt.tr1bul.lon.
If the ce.lcu1&t.<od raUo of the.. tvo 1&..... 11 Le.. tho." the Ulao...t1ce.l
J'-....lIM .1.._ 1I«.o1tI","",,' 11...1 tba II 00 atatltttoaU1" Itcn1tt.."t.
"
41rt...."". ~_" tile ll11li.14\1ll.1 bIot.<:1l ....ragu ao1 t!le appo.uJ>1. ,utter_
'DO. can bel eUrtbutecl to _Dee. U U.e ",,10>&4_ 7-....1... I' 1&rpr
t.baJl tboo tbeouU..l 7-",,1... ,1. .....1&1l1t1.....,. ~l \be" thoIr. 11 •
et.o.t.lIticallJ' e1&l>ifl.,."t dlrr~"". 1><0_" t.I>e batch __ .
rbe ...!Tel, oJ' ..r1aJ>oe 11 ....114 <>nlJ it tbil In41v14uOl1 .-aU-I
/011011' • o.or.al 411tributi ..a ,"'" it 1:be boI1.cl:1 .....1&"".. ue eq...l. It 11
....-d I.n \bie ...!J'ele tbet tlwo lll1l.hid"",l et.A"lItlI _eun.-lllt, ....
lIC llJr dletribuW<!. lll>ell tilt. ..ewopt.!oll Ie """ MUetiN U>t eo",e·
q "".. are DOt sreat (2<1). Jlr,.r1.lnt '. "",t ........eeI to ten tor.
eill'1!1CLllt dU'r.re<>ee 1.11 bIotcll ....r1.lo.Dce. (19). '!!lIe wet ........ tllat
the val.... ot M/c ""p.&t.-1 III fibl.. 18 end 20 or AJ>pel>11.ll B !,,11011'& •
elll-equared dlltrlbutl"",
LN-.s""'''lItb co""rete
rIM .sua tor the lov-etre"llt.b tODC...'" ....._ .. III 'rablore 8 tl>rou,gb
12 1.1> I.ppetlll.u 4 ."'" __rU.ed I" Table ,. Tbe.. date. .... 'U......nd tire1.
til 'I.e ..... or J>o.o&.....ltf ot ••rlallce .<111. the .. I" tAl... or etr<l"llth, ,l.-p,
,<>:1 ell' OOlltellt.
u..t tllere 11 lIC .1gll.U'I....t wren".' be_1l tboo ......1a"".. or t" ttve
ht.<:'-e. It call be nell /I'0Il hble 18 or APpecdlx B ~hat t.hIl calculated
.....1.. ot Mlc ot 1.:56 v... IIUOII lever than \lie tlleonUeaJ. ....lue or 9.09.
011 tile \lIlIIt10l> ot cc,.,.l1t1 ."'" aq..l "..-1&""", • ooe"""J'
'''''1¥&1. or rla"" _e 011 tlIe _II ba~cll ,t.MIlltItII.o. The ca.lculal;ed.
.....1.. lit r tr tb.1, l¥.l.a v... 6.1iI.lo wll1cll 1. IIUcll l.&r&er tIIIon \lie
tbeo..-t1cal 1", ot 2.87 •• tIIovlI 1.11 ft,blt 19 ot "SJIIe.cdlx ih Theretore,
TlIblll }
PIflSICAL PIlOl'lRTIES (8 COlICRI'I"I
U:W-S!RJ~ft (U) IIIX
AV<tF!/le Ultt.~ Stn"'iUl
J.1'ter Oven Af~r ht1p
,,,.,,~ "ottlll..~, ." M~, • -D..1g...t1oo COlltellt
Peroeot I ...I>e. ~, ~,
~, 6., rt-}/8 """ ,."
~, 6.' 2-}j8 "" !lone te,te<t-
~, ,.6 r 1/· ."., """
~. ,., , "'" ~~ ~.~
.." 6.' l-l/rt '"'' ~~ ~.~
• 8~e1Mn .." "l>eo te.ted ..... }Io .soy.
- SpotelMo ..,. "'Ill'"'" rro. :}l to 56 .soy.
e"'"pa ..... the dUre ....,..,e ia _a. '11th ••1&aiU<:aat rallie. It tM dU-
...,."" or ba~ohee LL 1 ead IJ. , ..._a la T.ble 19 or APpeadi:< B. 110
be },760 pat ...._0 ill Table 22 or Appeadi:< B. Tille ...1,," i. the
Il....p and atr eonteo~ or 1.I\e lndivid..l b.toh IOlxttl, then propertlu
oale..uat.." !'or the pllo.t1e e~..raot.erhtlo. or tbe IOlx. The ooerUe1eot
or varl.tioD I. tlol!o .tandard d.vlation expre50ed al a peroeotase or the
-~. It Ie dul.gDatad 50
, III tlle rOllOlfl.lljj; table.
-,
Property 0' , • ,
Ilate"""
$l,""P , 2., t". C.61 ,,.






































































































































































































































































































































































































































































































































































































































































































































































































































































PIfIS1CU PROI'EllTIlS or COIlCllll'l'l
1I11l1l-S'ftWIJ'!'B (IlL) MIX
"'''''ralle ll!tLqUl StUlIfItJ:l
.l.tter Ove,. Ut.er ,aHg""
". Dryll\ll reatll\ll
&~. c<>,.te"t Sl..p • -
oeelllllet\",. fIo.oe"t 1...11&_ ~, ,,,
n, 6.8 2-}/8 '''' &~ Ullt.-l
_.
n' 6.6 2-1/8 6}lO && U,1U,d
'" 6., 2-}/8 "6' && w.~". 6., 1-7/8 "6' 6~,
'" 6.8
, "'" 110... u,.te<1,,6 7.' 2-}/_ ",,' "'"
• SI"'0~" &3e ~..~ ,-" '0 69 <l&y.-8peoi.e" ale ralllled fi~" ~ 9'lI <l&y_- All _peol_ ... nAt Ule<1 1'1 l'atlll"" L..ting
tl>8t there le 1IO e41llU'l.,.n~ difference betlleen the v..-la"". or tl>c 1,.,,1-
.,1d..l b.1.<>l>c.. Tn. oo.lculat.e<1 val.... of Mle "" 1.:W IIhicb ie ",,,,cb ......Uer
11>8" tile u..oreUcal val.... of 9.4<}. TeHe 20 or "pp"o<11x Behove the
calculatione ""fId 1" thle ""et.
dual betcb ......,.. Tbe .,.lcu.Leted' val... of 1.02 vae conet<1erebq l""er
tl>8n tlle theoretical value or 2.87 ae eboll" 10 Table 21 of "l'pendlx B.
be 6,260 pel .. en""" 10 Table 22 "t "l'peDdix B. Ttlt. value 1e the
.verage ot en epec1JeeDe teete<l before t.t4l.... ""etill(; ot ttl<l IlL eerin.
Air C",,""nt end SlUOlP. "e 1n the ca.e ot tbe lDII-Hrength cone",""
only a" eet~"" ot the "",a", et"ndard dev1atton, eDd coefticlent ot
vartatiOD have been <>olculatecl tor the dump end e.1r co""""t. TtI<I re-
eulte ot theee <>olcu.l.atiO'" are eIl""o in tbe tollovtlll; table.
,-,
Propert;y 0' , , ,
IlatChee
"- , ,., 0.41 '"
Air Coatellt , 6., 0." "
,.....,.. T'" toU",,1.lll'I caDel....1..... ..., be <1ravn t ... the e_
.lle1J"ete or tbe b1gb-etrelll!tl1 concreta data, ••elUl1l1l! tllat tlla <leta
toU"" • ""...1 Or .....rlJ' ""...1 d1.tr1but1<>o:
1. 1'1>0 ",r~",,",. or tM lod1v1.<l ....1 boot"h.. ot bl.gh•• tu"lI:tb
eooc:rtlW ........ oot .~OUt1eo."U~ 'art...."t.
2. 1'1>0 ......-g•• t"'llfIUI of t.lle lod.1vldual boot.ebe. of b1gh-.t"'OS\:ll
oooc:retcl ...... DOt. '1&lI1tleo."tlJ' dift....nt..
}. '!'be be.t ..t~t.e ot t~ .yt~ .t"'llfI\:ll ot tile b1gh·.well$tl>
eerl.. 10 6,260 1'&1 ..U4 ••te.ll4ard 'rror or }29 1'&1.
~. Tl>e .v.rage elu.p ot t.lle blp.-U"'llfItl> .erl...... 2.4 lII<:b..
..UIl. "",ttl"1'ot. ot ....rlotlO" of 17 per «nt. TIll. eoeffi-
,,1.nt. 1...."Il larger tllan tbe d..1r&ble value or , per "'<It
""uellJ' "rived. for 111 laborel.llry \/Ork.
,. tbe ov.rage &1r eont.'At ot tile I>1gh-.t.... llfItl> ..rl...... 6.,
per "'<It v1tb. ".,.,tl"1I,,t of varlat1o" of , per ",nt.
~I.o" ot Sorle.
tbe t\/O a1Jl 01. . 1& lie.... ee.l"red .tat1.tl""llJ' to .ee 1t t.lle1
Ald rtlpre..d two A1tf "t populat1o,," ., pl.e_. '!'be Wlr~oc:e of
••"b .er1•• I, 51ve" ,long ..ltb tb& ••rl " end tbe AUaber of oil-
........t10111 1" hbl. 22 ot APpeDdlx!l. TIle ~""...b""" I" till.
te.ble .... the total ... ot O<Iua.... divided b1 the "orr"poDdlng 01._.
of treedoa .1Iovn 111 hbl.. 19 .J>:l. 2l of API"J>:l.tx B .w.ttpll&d b1 100.
n.. ...no of tbe.. two .....1&""'..... eo.lelil.ot.ed. to be 1.2, vbleh 1.
llt.. tlle.n tl>e tbeoret1ea.l 7 ....el"" ot 1.96. 1It_,.t tbfI , per ",,,t
.1&outt ". ltv.l there 1. no ......on to belt.ve U1et tile ..rl..
...... I.en<: d.1ft1lre"t.
'rbo tbeonU",l 7--va..l....t tile ~ per ",,,t .1gnitI",,,,,,e Ie l 1&
1-'" wlI1"b 1••Ull we.r tha.. 1.25. It 1., tllt'ret,,", ble
to ....- u..~ ~1Mo ......1&""" are eqllll.l for l.bo purpo.e or tlMo t_t..t
be~_" .erlu _" .t"'ll&Ul.. A••1\OIJn In Tabla 22 or Appem1.x B,
U>a calrlilated t·...1". va. 26.299 vhl"b U .....b larger ~bt .. the theoretical
val'" or 2.06lI. The ....uJ.U or tbh 'no.!,..u lnol.1""t.e. that the two
uri" rapr.....t !NO <l1ff.re ..~ pcpWati".. , bllt tba POpWatiOllll bav. tba
_ ...rUo""e.
B7 l.-partIn" n can be _" tbt~ tbe -.gnl.~I>da. at al..p am dr
"""te..t are about the _ tor ea"b urle.. 1'IIe .....laHoo at tb...
propartl.. Uo larger 1.11 tb. lOV·.t"'ll&th ..rico. 1'be eClI""r.t.e 1" botb
..rte. ",ptrl.""e<l .... bl.eed.1Ag ~u.t.el,. af't.er U Vat plared 10 tlMo
_l.da. l~ tired U1at 10 the bigb-.t"'ll&tb .erl.. there va. le..
bleed1"6 U 1" ~he lov-.trellilltb url... 1'bh ca" be 'lCP"rted l>ecall"
tbII lcv-et ngtb eo"" ...1.e ""..ta1.lled a larg.r propnrtion ot "oarM ~.
ptoe and. ""•• btraber aU. 8l1><:e 1~ v.. planoed. to I.e.t r""" ...I.e.
rep,."u"tillg t"'" dlNere"t pCpWat10llll, th... d1fr.rence. In pla.He
char.rterl.Ue. are a ..'- to bav. DO '4P>1ttcaat. etr.et "" ~be re.uJ.~••
001><:1,..1"11& ybl"b c:a.n be drayO tl"<* the .....~e1. at at,. data are
.. tollove:
1. 1'be varaD<:e' or tile b&trb .trengt.ba ""'" DO~ .t.gn1t1"""'~~
d11"tere..t 1n '1t1>er the 1l15b-.trell&th or lov-.trell&UI
rODerete .
2. Tba hatcl> _ ... vere .t.gJl.1t1c:a.Jlt1J' d11"terent 1.. tbe
lov-.t....ngtll .erlu bllt "",re """ .1gn1t1ea~dUr. .....t
I" tl>e bl&b-.trellillth ...1...
,. !'be tot.l .....la"".. at the lOV·.t...ngth ...1.. Vat IIOt
'1&A1J"IC&11~~ d11"t."lIt than the toW va'~ or 1M
b1.&b-.tn"Cu. ...1...

.t....lllltll "ere tJ>en c.....~ bl a t_".t. TIle <:alculat«l 't-va!"'" for
blot.dl U. 1".. 2.}7} "biob ..... larg.r t.Ilan Ula tMo...tleal va!"", of
2.}06. He"""" tllen I••• l.gnIfleant dittere,..,., betveen the e.tt_te•.
OburvaUOD nf tile <1&ta In '!'able 2} of Appendix B lndi<:ate. tl>o.t the
......, .trel>ij:th of blotcb LL 1 dec.......tOd ."Ith ....e n.tllo!r Ulan I""r ed.
The 'I.-ten. On the other tllree bstclle. InI11eate<! Ulat the'" '16_
n1t1cant dlffan"". In tbe nre<>;>th of the coocreta before fat~
tuU<>;> aM the .t..<>;>tb of tl><> concrete att<tr t&tlg"", l.e.t11\!!.
S1nca thraa of the four bstche. tuted at.:wed. no '1gJU1'lcant
l""r_.. 10 .trength durlllll the tt.e of f.tlgue t<tnlll6 .!IlI the other
at>ove<l. a dac,..,.., of only 218 pd It a_ otnr!o,.. tl\olt the concrete
'l"'c1.Jllena did ",,'I. galo .tnngth durlllg the porl<><l or faUg"" u.t1llll.
The _U dU'fe,..,,,,,,,, obaerved 1n the OPPO.lte dlnotloo for ••1llg1e
batch I. oot conaWered large eoougb 10 gl"e rbe to aJ,gnltleaot dit-
fa",ocn In tha fatigue teat ,..,.ulta.
htl15"" ""at RUu.l,t.
",tlgue <1&ta are be.t reprueote<! bl a plot of thio .tre.. level,
'><pruud ... perceotago of tbe nauc ultl... te .trel'll!th, venue tM
_r of "Yclu 10 failure. If a ourve can be fitted to thl. plot
It la odie<!. a., S-N cw-ve.
plot of tM. t)'l'" becaa.. of tbe gr.... t ........t of .eatl.er rnultlng
froIII fat1gl>e te.tll1/1.
'!'be large &IIOUDt of a<:atter <:an be upllllMCI hl t./>e verl .... ture
of fatigue. 10 order to obtain aO ..t~te of the .treOo:1th of .ny
batch. o_r of cll1nd.era .,..'1. .... uata<l. to rallura. ~ca""a of tlloo
~e1eal var1&tlO<l f .... place to pla"" aad aveo vlthlo plecU, tba
.,
"at..~ at.nllllSUo of &lI,1 'jlII.~" h UDlIIotlJ' to t. u. _ ... \be
"'~h •• t'-at.4t. SUlc<O U. ,taU. t.ota' _pe;:1MIII~ be uaK for
r.t~ t.... t1Jlll. ODolr • ....- ••U.'" or U. at.nl'lgUl of \be ape<:1Ma
to W t4>at.ed. I.D hltl&W e&II be _.se.
tt I" "''''''0&<)1 to ...,,,,h,,,' htt&ue ",aUIlg~ O_r .. lmls
periOd ot 11M, dur1"lll vlI.ld> CI:ia"'PI LD __"","ric eoD4il1..,. \akot
pla".. _ of u.. •.,..I.e.. '" .. plot. or etr••• ~l ...n .... ","cl.. W
r.u 1-. urdoubted.l,J <I.... t.o urou lD _uu:rlog and l_UliIt .....1Od b1
th _pllotr!. tU",,,.
".. UIO\lD.t of t1Joe requIred to COM"'" .. ht\f;ue 1.e.11ag Pros.....
allo .rr.ow tile _nl of <!&ta "1>1.,, "". btl coluc"'d. It 1. i.p tl••l,
r .... I.lla .taM""!,,, ot r*'l"lre\i 11M, to collcet • lIrS' .-at or data
,. \.be lover .1, 1....4. To .,tabU,b. tile "'1,,,,"_ of .. r.t1~
Uan, _ 10 4t.t& ~4 be Deeded. a' tbI l.oowr Itre.. 1.....1.1.
Celllral17 U .. apeel.e" elllture, .. predet.crst-.l """"r or ",.,1•• vI_
r,Utlll. H I' ....... ed, rr- u. _UQg ..eI>1l11 .31 UlII De>lt lpeet.ell h
Uet«l. la l.lo,. atllllJ' tboo ...._ -.. of c1"lIe "Mel> ..."",,1Mo
.... aU_ t.o end......... I.e.. -.lUI"".
A.cIo.l,tel& of hUI"'" Tn. Dat.a
TIle e""l;rele of Ule ratl.&\>l dl.t.a Ie U.He by Ule cl>a....Wrl.t1""
of lboo dat.a vhlCb """C d.hcuel~ 1.. U>t p""..toue ..cUo... wt.n .....1J1;1ll(l
tile dllto. 1t ...1 ne<:lIlIry to III'" 1""t e,.~ IplOt.n _ tllo. propertlll
dIIt1_ by the ItaUe talto on tM cornlpond1.. bo.tcb. Otbar dlrn·
MUll _loped II Ula data .... collae~ v11lell _I 111t1...... to.Uon
of U>a r"Ilulto ""'"' 1.o:I,rllllto.'.
to U>a ...... of U>a 1ooI.,tftll(lt.lt coDcretl. all of tbe lpe<:t.u
,t t.Itot ~ par eo"t IU'IU 1.rt'Il~ tin 1I11l1... "pot1t1_ of l ......t.ns
.. ltllOut hUur<>, all .Ilovn In Tellle " IUlII. ve,.., ,..,IIlOVed frOlll the WU1ll1l
",",cIl111e. Th... It .... 1aIpo.. lbl" to dete",l"" the tr"" fet41u" 11t.. of
14llltwleht c"",creW at the 100 per cent .tre.. l ..vel fr"", th.. <late 001-
.t,..,.. level fdled before endUl"ll>l1 Wn ..Ill Ion cyol... exoept one. Speol-
"",n ",,",her tvo of ""l.en lJ. , I>nd .. ndl'f"e<l 9.2 1011110n ..hen a pover raUUI"e
.topped Ole ,..cl>1"". Sine.. OIl••pee,"""," e:>lUl"ed .-r~ tv1ce a ..... <l,Y
oyo1...... tile other .pe01ale". of the lJ. oerl.....h1ch lIffe W.Wd at tile
50 per cent .t..... level, it .... felt th6t 1r the J!<"f"r f11llure I>nd <KIt
occurred Ole .pe<:1aIen lIQuid heve .. ndUl"ed the ....x!.&uol of ten al1ltnn
oyoa...1tl>out faUur...
If tile pt10n tnat .pec1men tvo of batch lJ. , endured t.m
IIl.1l11on cycle ltllout feU...., 10 accepte4, thfI <late at the 50 per oe"t
.t..... 1"",,1 1. I<JCOIIIplet.e. U.ll>l1 "<>1y the foUl" .pec1ale.....1l1eb toUed
at the 50 per <:ant .tr level, ..hen .ct\lOlly nvc ..ere teoted., vould
introduce a bla. Into til taUaUcal tnter_tattoo of tbe fatlgue
dAta. ,or thla r"UO" a better approx1alat101:l ""n be ....de of th.. S-N
relaUonahlp t.t only the dAta at tl>e 60, 70, and 50 per ceot otr....
le""la ..... 10cluded to the calculat10na.
In the ""a.. of UIe hl,gll-.trength ""''''' ....te, the ttrot tv<> .peCl_
...... toeoted at the 100 per c.nt otre.. 1.......1 endured. tl>e ....x~ of ten
.llilon cyOle. of load1ng ..1tl1out f.ll....,. 91"". ali of tlle opect.e".
ot U>. lJ. ..r1co tea"-<\. at t"" 100 per """t .tre.. 1.......1 eDll.ured. teo
.1lilo.o r.petit10", ot loo.d1.og, U. "e. felt that no further In!o,..tton
oould be pl_ fron taatlDE: tI>t .-I.o1.ng ocheduled .pec1ola... of l.Il.
IlL ..r1•• at tl>e loa per "",nt ot.... l...-el. "t tile 50 per ""at a_..




l.Qf-S1IlIlGft COIDlETl 11_. or
k~ Spotc~" -~- "...- $l.1"" C1cl••oellllaotloo _k, 'otill"" L<>od hUH"" 1<>10<1. 1bld.,..ld
~.
, 9,900 (110)- 900 (}.6)e IO,,olo,6000 -, OOס12,1 (50) 800 (}.2) },1~7,600, 1~,800 (60) 700 (2.8) 688,100• 11.,00 (70) 900 0·6) ~}.ooo, 19,800 (80) 600 (}.2) 19,100
~, , 10,800 (11I0) 900 D·}) 1 O. 0()5 , lo(».,
l}.~ C:50} 800 (}.o) .,926,1>00, 16,200 (60) )00 (1.9) "'.600• lB,9OO (70) 800 (,.0) ".", 21,600 (80) 800 ('.0) ",,",
~, , ll,~ (lIO) 700 (2.11I) lO,~,l0().0, llo,}lXI (50) )00 (1·7) 9,2011 ,loo.-, 11,200 (60) 900 (}.1) 1,610,000
• 20,100 (70) 800 (2.7) ~ ••oo, 2},OOO (80) :lOll (l.7) ',600
~. • 11,000 (1II0) 1,000 1,.6) 10,11I18.1000, 1},700 (:50) 1,100 ••0) ',6D,}OO, 16,,00 (60) 900 (}.}, 1,211.000• 19,200 (70) 800 (2.9) 105,100, 22,000 (80) 900 (}·}l 8,600
~, , 10,000 (1II0) 1,000 (iII.OI 11,72},):100, 12,:500 (50) 1,000 (11I.0) .,628,100, 1'.000 (60) 1,000 (11I.0) 2,~,)OO• 17,:500 (70) 900 (}.6) ", '", 19.900 (80) 1,100 (III.}) ',900
• F1gu:re in p&rtnt.hc,.e. h tile 4ou.1c 1_ upr....ed ...
peree"tage ot the .......Il.. \lJ.t,,-w 11.l"1"Sth or t.l>o 1>f,toh.
- • 11141....W. u..~ tI>e .p"ot.e" IIo.d. ""~ t.I1O<1 vlwD IJ>e w.t
vo.. HOPI*!.
eycl.. or l*lQll .. IhOVD 111 TIoble 6. Furthe"""",,, th"", No .peeJ..e",
.,.,... troa the .... 1>&1.<:11. TIle,..,tore U,., <lal.& eoUeeted It tile :lO per "'lit
1""",1 eould lIOt b" u"'d to ll1Wrpret t~ S-Il relatio...blp or tb. HL .erleo .
....t I.be 60 per ""lit Itre.. 1"",,1 ,U but 0"" lpee~" hUed. blto....
• ZldurlQll tl\e to" 111111"" lalt. TIll" "pee1.llln, .peel.... } ot beteb IlL },
eZldured. ,bout 9.1 011110.. betor" 1t .... It.Opped. by. ~r hUur".
It tlll Wit Oil tbll lpoeimlll _ net beell .topped by • _er tellUl'e,
tlll 11.111 tlQll lIIIIIber ot .t...... eyel". vould p:'ObI.blJ' 18"", boo" re.elIec1.
T'I/'lI .1Wr... thea ""lIted. tor ....ly2.1>:l.6 tbo hUg"" <lat.a ot th" bigb-
.tr.Qllth eoner"to. Tho t1.... t "•• to lIIfIl"et the <lata eol1.let«! .t tho
60 pu e.nt .tr".. 1,,,,,1 beea"'" ot tile bl.u Introdueed Into th" S_1l
relatlOll.b1p by eo",lder1oe ooJ.y tour W.t .peo1M'" "bell .ot,.llJ' th.
""... WIt.e<1. It tbl" vere done, the S-II" r"latio"'blp >IOWA! be det1...d
trca data ""llaeted ,t the 70 .ocI 80 per e"nt .t...... l'''''la. TllI ..coocl
,1ter...Uve "'" to l""lude the dote takell ,t the 60 per ""lit .t......
~l luIcNIQll tbet I bie. "" bllQll 1I1trocl"""d. It .... tel'\. that tbe
..... ot t_ lite or <10.1.& "bleb l""l\llled" _11 b1&. 1JI 0l>I lit. vould
1l.1v" • batter Clt~t" or th" tru" S-Il r"lotlOD1blp tlIo.o tvo lit. or
dote \/bleb l""lud.ed ne bie.. TllIretore,!.be ..eon:! olter...u"", ""•
..l'e_ .
.... t I.be 70 per ""lit .t....u le"el. 0n.1¥ tour .peel.lltlll ........ W.t«!
tr... the IlL "1'1".. Tbil 11 I ......It ot " t • ..Ity ._tie .but-dOll"
on the Io.o1er .ebl... "bleb .t0PPed the W"tl"4! "''''''ral tt.e. betore
t,llur1l _ .,.,eurl'ed.. n"" the date .t tbll urel. 11....1 11 1""""'P1Itoo







kk. Spect.o" -~. .I..~ S~re.. C)'cle.
11... lll flO U "'"
_.
".'1.1 r;u! Load hUll'" I.oad ~~,
n' , 11.800 (100)· 1,000 (2.2)· lO,~~.l00--, 22,200 (~) 1,200 (;l.TI 10.620.~ ~, 26,700 (60) 1,100 (2.'1 m,"'"• 5J>*<:t.o.. 001 Uo.~, ".500 (80) 1,200 (2.7) 6,100
n, , 18,000 ('01 1,100 (2.iII) lO.:U6.500 -, 22,500 {~I 900 (2.01 lO,"7 i11 ,r.oo _, 27,000 (601 1,000 (2.2) 9.6n.500 •• ~.:.oo nO) 1,000 (2.2) 150.900, ~.ooo (SO) 1,000 (2.2) '.""
n' , Spec I.e" ""'I u..Ud., 22.500 (,0) 1,000 (2.2) _.7'1.}OO, 22,500 (50) 1,200 (2.7) ).'Y.>7,2OO
• 2'7,000 (60) 1,000 (2.2) 1"',koo, ~.ooo (iO) 1,000 (2.2J 166,100,
~.ooo (80) 1,000 (2.2) ,,"'"
n, , Spec1Bol .. DOt U..t.d, 22,200 (:lOJ 1•.'00 (2.9) 0o.ס10,1099.1 -, 26,600 (60) 1,100 (2.'1 6,751.500• }l.OOO (70) 1,100 (2.') 611.900, ".-.00 (80) 1,100 (2.) no,ooo
.. , , Spec~.. 001 ....~, 21,200 (:;01 1,200 (2.8) 10,196,100 _, 2:i.loOO {601 1,100 (2.6) _,116,700• 29.700 (70) 1,100 (2.6) 7".600, ".900 taol 1,100 (2.6) B6, ,.,
• """'" 10 1'"..,."U>otH. I. U. 4TllUJc 1_ npre._ ...
per<;.'e"w.a. or !.be ....rqe IllU.-w: IIU"Q&Ul or u.. boot<:b.
- - lII1H_te. ~~ ~ .pect.... _ ....~ r.lled vbot.. 1.1>0 w:.~
.... • \OW"_
The S-lf Dial....... A aeDt-log eoordl""t<> a1at.em lIaa Wleel to plo~
t.he 8-N r .. latto,..hlp beeaWl" ~h11 Iyate. preoentee! tile doh La a to,..
IIbl<:11 h ...1.1' to vl"" and ...10'1' to Int<>rpret thon elther a log-log
plot or an a"lt_ue plo~. Tbe <1ete eolhet.ed tl'Oll the LL .0'1'10'. are
ploneel ln rig""" 9 and ~he dote enlleoted. h'om the lit aerie. are plo~~ed
In Ngure 10.
lIMn ~be da.... rrao the lit ..,rleo 'o'er" Plotted the,.., appeared to b..
~\/'O upanote and. dla~Uct r ...loUo_blPl'. The co"",..,te or hate""a Ht 5 a<>:l
lit 6 I...,....d to llave dltfe ....nt fat13ue l'I"operUel tll&n tbe co""rete ot
bate""" lit ~. lit " and. lIt~. Ttle realon for thll ...pa",~lon ot <late II
unkDQvn. R.. t ..rrlng to hbl.. ~ It 11 ...eo ~ha~ the ol...p and tbe all'
con~"n~ ot ba~chel IlL' .nd lit 6 ar" 4re.. r than ~be __ propertleo of
batebeo IIL~, IlL " a""- IIL~. A correlation bet"...,n Ilump .nd all' oon-
tent <:1111 be expected bu~ It I ....... unlilte11 tll&~ tile fat13ue propertl ...
"ould b.. alte ....d b1 lucb ""'Ill varl.Uo,," l.n the aluap and .ir COn~en~.
The ".Iter of dote "HMo ~b. "",0 .ppa....o~ lete of dote. 11 not 8 .....1
e"""Olh 1o lubatantlate an,)' <:or,..,laUon bel""",o fa~13"" l'I"0pertl... and
pl.aaUc ","operU... of lhe blgb-atrell6tb co.ncrete. The 0'll1 oonclWllon
IN.I can be <1ra"n from the date collected. in tlll.1 It~ UI 1""1 the
fal13ue 1'I"0""rll. ... ot lbe blgh-al,..,nglb oono.... t .. ore .oc>eVh&l In-
fluenced b1 t.he IllOOp, tbe all' content, 01' bo~h.
The S-N d!.aS"'''' l.1ldl.<:ote thol .., fal13'-'" 11Alt "". reache<! 01
ten dIllon 0relel or ....pe.ted l ....dlng tor the co"".... te teated. ln th1a
.~~. /In.... or ~he S-N our-ve. appear 1o beoc.e horl.to<ltal nor even
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fIGURE 10. SoN DIAGRAM fOIl IlIGH STflU<GTH CO..eRETE
..
"
COIIparlaon or t~ Tvo Mh,u. 91no" tile tono ot the dlHrlbuU""
of tatill"'" ""'t.a val UIikDovn, It va. felt that ...... tell Ib""14 be ... _
plOyed to dete.... lne vhether "r not tile t¥<> .et. at data rep""."t poplll.-._
tloRl ll&villg the ...... frequency dlUrlbutlcc. ,\ ...111Od called 'l'lWiO"
YU ell""'" ter 1M. I'-'l"poae (21). lIl>eo ualag Ulie telt """ can infer
that It tile", ..... .., lOOT. or no fever runo In lr.e dat.a thaD vOll.ld be
expeotO'd by eha""., the poJN411ollll bave the t ....<1"""",7 dletrlbut!oo.
The nm t.,.1 ..... applied to t.he data of each .1 51 1......1 .,., Uls calow...-
uo,," ere .bOII" In T.ble 27 or APpelllllJ< C.
At tile 60, 70, .nd 80 per ..ent n.re.. le""la, the run teet Ih"".
the! tbere II no r ....on to beHave the WO popW.al1o"," 1\0,"'" ditr" ...."t
tl'equoe"'1 dhl:ribultOllll, Teet. couLl not be.-de al the \0 end ~ per
oe"l eWe.. level t>eoluae ....llY at the epecUlena end<aed teo a111len
1)'<:1... ot l<>&dlng .1>:1 ve.... "''''''''ell trOll the teetiag _chi"" betore
r.Hun. Hence, there II ne Ya:¥ or ..t~t11ll1 the llImber or cyol...
thea.. epe<:J..ellll "ould bav. endured 11 the lielt. !lad bee~ to"tl~""d.
.. Il&.IlJor toad!tlc" edlted..t the 60 per ce~t It~.. le"'l, but It ....1
telt thot tho run telt could be .ppll<>:l. to tbole IplC1mel1l "hlch t.lled
It tever tII&~ un .illio~ c)'clea.
L1l1e1r Regreul04. ~I IJJlplut t)'pl ot ugrelllo" II I 11DO...
....' ...... 10". U tlul <!.Ita to 1><1 I,.l.y • .-t <1",," DOt. toll"" I 11...... r
relJotio...blp, tbl)' ...., ottln 'ce U .... to ....d b)' extnoctl", tbl I~"""" root,
Iq..... ins, Or taltll1B the l"6UithD. or till Indlvld\ll.l valuel. B)' taki",
tile lcc&rltNl ct tile ll1dl ..1d1lftJ. valUlI or tile C)'ClJol to t.llurfl, \be
<!.Ita or tbll It>o:l)'I~ to !:>ava I 11_ S·1I .... lJoti.,...bll' (P1«urfll
9 .l1li 10). U .... "'"&N"II"" ealculaUOClI Yere~ OD till ....-pt.lo~
T_ ~......... ..-rot rtU-.:l. to u.. tattc- te.t 4.otoo. oce ror u.e u.
,..ri ,01. t_ ror tbc Il1. ..,r1... ror JlUrI'O'"' Off ",l.cll.l.otl_. tbe U.
oerl 111" ....r.n'M to .... _pl. I. ~~. II. 2. BL,. aIld. II. ~
..111 " ....f.rl'l4 to AI MIOp1.I U aIld. botd... IlL , a.<ld. BL 6 ..111 be
....r.n'M to AI -a III. e-. "'""' rtttC to _ let of data b7
•
....lItlooaill' .... a~1.ual.q 11~. 'fbi 11-.. ......... 10.. ",1cuJ.o.ttono
lin -.. 111 bbl.. 26. 2'9••t11 ,., of 4P1.<ld.1:< C.
~
log " • 1'.017 - O.ll&I
..l>I.... II 11 tb. nWlblr of ~rcleo ~o f.Uur. 11>:1 S 1. ~Ile .trttll exprelllO<l
a•• PlTn.ntq. or tb••tattc Il1tl.-tI .u.... Tl>l. l<j".tl00 no" 1>1
uoed to ..tt.,1.1 " 01l.1y ..,,",0 u.e val.... S 11•• bI_o 60 .od 80 poT "."t
beCl..... Ulll 11 tbe "*0«1 of S ...-.:1. 1'1 UlI e&lcll.l.otlo.... TIle calCl.l1aUd
, 111 Ula w.t ror 11-.r1t1 _. 0.'1 ntd> 1. lot•• ~haO tho tbIoretlnoJ.
vo.l,. of ~.~. :noo....r ....... Ularo 1. Ill> .... _ to "lot..... tbiot u. s-.
of -a It 11:
-1.ll&'. 12.m - 0.1061
"
per ..at. T'IIoo cal"w..,le<l r ...1,. III tlIOI toeal far l~rttl .... 169.~
ybl"b t • ...,b 1ar4ar tt:o.a tile u.eo ....U ..l ..due or 7.11. Tile.... u,
u..... rON•• "1&AU'lealll .-..." t4 belli.... UIot.t Ule S_I ...1&'1.1"0-
<1&... Oft MaPle III la:
-10& I • U_OTI • o.C6:l8
per ..ot. TbI ..l<:lUat.e1 r 1ll tbI Wit tor llJle..-U,r 22.0 II
_r-red vlt.b UoI tt."ret1cal v&1.. or 10.1. til.... U1 1. ru."" to
belli 1Iloo1 I.bI 8-11 .... la1.1....btp or u.... d&1.& 1>1 -""1 ltD...r. 8)'
..1 1.1)' Illlptctll16 tile .satoo or 1upJ.& III, ,~ la, a •..., be .een
u..t. ",.....1 pt.. I"lI t!>TOIlgh tb••-.... or UIe Ibl't'e It..... la_la ""'uJ.4



























































































































































































































































































































































































































































































































































































































































































































































































































therefore, U1at H It i. <llllr*:I to cocpar. thlll two curve. It 1'1)'
Itve" dglUfico""e level, Ule givlo dgoiflce"". lev.l .....t be <ltvl<1e<!
by l' to pro<!uel rlllable relulta.
Sl"e" 1t 11 <\elire(\ to """'l'IU'" the tvo c"""". of tlMt IlL urI"
...1tl> tl>. curve of tb. LL ••rI•• I fletor otber tbon 1/1' ..... t be Ippl1e<!
to tbe <I••lre<! IlglUfl ...."". l.v.l be....UI. tbe tiV. bltebel of the u.
..ri.1 have not _0 ..poo.rlte<! Into tva groupe. At the p""Hnt t1.a.,
Ulere il 1IO ... tl><><l IVlllabl. to <lete""'1"" the e,,"et rl(\uetion factor
..Moh.hoW.<! be u.e<l. 1t II teU, b"""'ver, that the proper re<luotlon
tlotOr for th. tlu"ee .eta ot <!Ito W>.:I.r ""1lI1<1erotlO<l il problHy betvef!o
1/10 In<! 1/1'. The toUO'o"ll:Ig telt. On dop.. and intercept...er. coo-
<lucted. .t the IPPll'".Ot .].glUtl...."". level ot 1/2 per ceot on th. IU_P-
tloo that tbe reduction tlotor ot 1/10 "ould yIeld luftleientLy leeurate
reoult. tor the purp<>H. or thtl oaleulatioo. The tlet tbot the del>"""
ot treedOll uled. in thel. te.to Ire rel.ltiv.Ly I.Irge, t.""",, to ""rUy tl11l
eooolU1100 beelUi. the dlrt.reno. b.tveen telt lutiltlel <leerell". II
the <leu"". or rr"edOlI 1""""lIe.
",0 I""LyIIl of oov.rlaoc:e ..... uled. to <leteno1ne ..Ilether tile dopel
of tbe three ""gr ion Ourvel ve"" IlgolfioantLy <lifferent. The ...pu-
tatlOO. tor thl 11111 are Ih""" In Table 32 or AppeMb C In<! ar.
<lu.ribed. in retereoce (19). Th" reoultl ot thtl telt IOdl.ate tbot
there 11 DO ......00 to beU""" that the dop.. ot the three regr,,"ioo
"'l.Ultlo.. Ire <l11'terent. The loo.lylll <Iou .Il"" .....Ion to beU""" that
tbe dope. or til" tIlree ugre..lo.n equatlo,," Ire not til. _ ...
• .-00 over-aU dope. n 11 oliO IPpar.nt tJur,t the .lopel "1!.hin
KIIIPlel <10 not <lItter Ilgnifl""otly tr.. tile .!cpe bet"""n ....pl...
"
~ tvo-V&y .""~Ii. at vul.oo""" teat v..., conducted on the cOlObi""d
data of all three le. to lee it' there ...... all,)' difference 10 tile
lote""ept.1 of ~ ,..,,& 100 e'iUlltloQ. Thb .""411& h ah"v" In T~ble ~,
or APpeodh C and lndl",,"". 11>&1 tb<!re U a a1gnUI""ot ,urr",..,,,,,e hetween
interoeph. A _O_l;ueLo ceque"ttd rs"6" telt .bOIted t.h8t the Inter-
"ept of luple III " ... different than t~.e Intere<:ph or the other 1"o
."",plu.
::lInea the alope 10 the goputv ..hleh be.~ deft"".
the S-N .81.51101\&1>1.. , H U ......."..o",,1:Ile to conclude
tllal tlle fatigue proP!rUea of the til...... let. or ""'4
.fa the .ame.
10 an efrort t.O Itr"osl""" this conel.,.!o" the pre<\leHon interv&1.. for
....ch ......p.le vcre eo.leulate<l. Tile ca!eu4tto"," are .hown 10 Table }4 of
Appeodb C and .......... iUd In Table 1. It lIB. felt """1 U tile p~le­
tloo Intervaa overlap""d, It colll.d be definitely e""eluded that the
ratis"" propertlea of all tliree .....pleo "ere the .......
Rehrrlo,p; to Table 1 it h cl....r that the l1near ree...... lon equn-
tion to.. lample I Ueo vithln the I""edlctlon lnUll'V.l..o ""leuJ..o.Uld. tor
....pie 1I. It 1. aao evident Ulnt the l1near ....gre..lon equation ot
....ple II Un vlthln the pred.lctlon 10Ull'Vtll. ot MIIlple I. 1he.... ro.....
t.ho:re 10 no ..enlon «I bel1e'Ve thot the tatlgue p..o..... tleo ot ......ple I
..nd ......ple II ..... diffe..eot. On the halll of the pre4lction InUl ..""l
eo~pt, the <lata of I&I:1ple III ..P........ to be lel8rated. fl"0III Ulnt or
the otholr tv<> ......plel.
TIle ....4tIO...hlp hetv'ten the It..... l ....el .nd the OUIIher or e)'elea
.-'.~. ".• - - -.- f • ~" ~- - - • ~. ." •• '.l
~
-•• ~" ." '. • !- - • , ~.- • ~ ~n ,.- " 0
• ]• ~. " •- ·- • •• 13 • •e J ~ •• , -- • ." • •• " •• • • - i •s • • •-E • I " ""- • ~ • •~ • •, - ." '. 0 •! • ••
~ -- • • ••• • .- •" • B • • •• •• " 0 -2 , •• "-
~




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































"batv,..,Q bel.ebe.. An att_pt va....<l.e to ... l<e all of the .,,,,,,ute or Mch
10 a.-.. .lId conUllUed. Ulrouab _t of the "lotel'.
1. 'rbe 11_ rqre...lDD eq..t1Ol:1 of tile '-I relatlOll.lll1pe
tor u. lov-.tnu:l6tb "o""... te tor ....1.... of 8 1><1_..
60 &till 80 per ",""t 1.:
-10$" • 1,.0'11 - O.W 8
2. 'fbe date of t.l>e bJ.3h-.tre<w;Ul oerieo appeared to toni tvo
lepuate SoN rel&tio..blpe. '!'be U ....... r-sr."!o" eq""tlollt
of tb... tw S_1I re~t1o""hlp" tor value. of S be_a 60
.Dd 80 pu ..."t are:-lot; 1I' • 1..2.)19 - 0.106 8
.~ -lOfl •• 11.077 - (l.(;6, 8
1l1&1l-atre",U1 eo""...,tc. B• ...,. 1J>ere Ie 110 r ••on
\<l lieU.... 1.1>1.1. tlle g:-adaU..... _ lA tIlIa atlldJ'
.... e", .rr.ct All tlle fet4rIM l'"'O",rtle. of l1gl>t-
vc I&bt e&&.ret;e:.e cOllCl"e" .
•• TIle S·. <I1e1;r"'" .;>....... t<> • 110 fetl&""' 11••.11. for
11&btvel.lllt~U I" 1J>e _l&bllAr_ of tell
,Ulloa re;>etHlo"," of lc.<ll:1!.
,. TIlere I. 110 re...,.. to bell....... f.- 1J>e ....u.l.h abtal",,~
OA 1J>e 18 • .,ec18e... teate<!, Ula~ tllot .. toe of~ ep;>U",,-
U"" Ile• .., eff.ct 0 .. U.. fe~l&ue ;>1'O",rtl.. of 11ght-
"'l6l't '68repU C:OllcreU vbe" tllot rete o.r l.o.-1 e;>pllC&-
lion U .. bet..-n tile ...1.... of ~ eDII 1,000 Cl111u
"'I' .111UU.
COIIlP!rl.Oll of L1shtv"lght OO""r."
\11th !lD.....J \lclaht 00",,1""
1.. Jul..1 of 19,s, tile ..,aulta of ••t~ cc.Je.rl"tl the fet4!;""
p""",rtl.. o.r .lr.....trelAe<l. eotN:re"" vitI> the fet4!;'" Pl'O"",rtlee of
IIOll... 1r.....t ..l_ co"",...,u .... report«! (1'). Tllet .tlldJ' .... -.de IA
the _ laboretoJ'J' .. the FC.....t .tlldJ'. TIle teut..p~ vcre
_l..1 W...u ...l ""oopt for the _"r1ala lleed.. Tbe ~te "Ul1"",
1A t1.. lS"6 .tllQ .... e c.--:led 1I..."",,* f ... oe..trel IDII~. !t.e
~~ ...." lA IlotIl al<o<ll.. vee f.- ooe cl1lll<er be.t.eIl (labo>"etory
c1.."...t1.... }l.}) e.DOl. I.e ....- to .... l.hoe _ ll"'O",rUee.
It _ f.lt tIlet .UIcc tbe coaI.ltJ...... -.. ""leIl tt... two .tuoUe.
vere ",,""uoted ve~ .iaU...r, .....po:o.rhon ""uJ.4 be _e to dete,.,.l ...
vbet.l>er tn. f.t1&"" propertieo of lightveiiJ>t cOncnte are dlffeno~
tbooll the fat1&'" propertleo of DO......1 ve1g.llt ooncrete. 10 e<IOlpsrbon al
cor... lation coefflclellt. 1. Ihovn In T.ble ,.; e>r .\1lpell4l.>: D .ad ••1;1-
ll1f1eo."". te.t for dU'fe", .."" batveen .lope. h .t>ovn 1.. Talll. '7 al
APp".041x D. The ""1.... uoed for thue ~eots <an be fOUDll ill Ioppeadl1 C
al Referen"" (1'). 110 stt""'p~ _I -.de to c~s the difference
betv""" lntercept. 1>ecaUle the ""l"eo al .tre.. level ln tlle .tu4¥ 0 ..
no,.,...l ve1g.llt ""ncnte varled 10 i ....tly tllst only 0 .... ree.<l1ll;l va. record6.l
.t some .t<e.. level.. IJt>cn.o. ""U CO.llte.1". 0I1ly OllS readlll;l • poor
ut1ms~e or tbe error var1a""e <••ult. all<! 1t vaa felt. ~1"H ."c1> a telt
vould llOt y1e14 .""......te nsulto.
A l'Sduot1on factor ..... ~ be appUed ~o ~be .1;I.llU'1....... level tn
the te.~ for d1fferen"". 10 &1ope.. In thb CUe a cOlllpsrl.on of tllree
let. or daloa "lth the tvo or the IlL ..r1eo v",,1<1 nqulre a ....l1e< <e-
duction faotor tllan 1{15, The actual reduction ractor o.l>olll4 be
.UiJ>tl.y le.. thsn toile 0"" ... ed 1n the &Setlon on CO<llpe.rl.on or the
S-M Dst.a. It 11&8 felt. tllaC the set... l <eduction ractor .hOllld be
s'oou~ 1{H> acd Ula~ tbi. value voul.d yleld .u.rf1clen~1.y accural.e
reoul". The I.e.tl vore, tberefOre, cOll4ucted .t tile 1{2 per oent
.~f1call<:e level to detect SI1,)' dHferenee In dope. at the :5 per ""nt
l1aJ>!.tleall<:e level. The te.t 1l1d1cated thot at the :5 per ..,nt slinin-
canee 1e",,1 the<e 11 DO na.on to bel1e"" l.l>at tile dop", .re dlfferent.
Slnce the dope 1. the property vhlen but dert""s tho S'M
relatlolllhlp, 1t ...... rauo,.ble to conclll4e that the r.t1;lue proper-
t1eo or the cOllCre1.<l Uled 1n tbe prelent study dO DOt dUrer rrOlll tM

































































































































































































































































































































































































































































































































































































































































































In ~ha lection, t.lle d/101t1""ot reoults dhc""sed ln tile fore-
/lolll/1 seCtiON ..... reltste<1 In the order 10 vhich tlley vere conalde ....d;
1. Tile sveU/le streogtl> of tile L""-Itrengtb .,.,nerete 11&1 },?60
Pll lad the I~r&/le Itrel\Stl> of tile hl./ll>-st.:rength conerel.<l
....... 6,260 PlL Tho ""rlaoee of the batch Itrengths vlthl.,
eoch ct these .erleo v.. IXIt sl.$lI.l.fIe&ntlr dIrfe .... .,t but the
Ivet'al!:1 ct _oh serlll did dlfflr .l.$lI.l.fl .... .,tly.
2, The sverase d"",p ct thl l""-.t.:rIl\Sth lerlll v .. 2.: loehl.
vlth s coeffIcient ct vsriation of 2~ per ceot. TIle svet'al!:e
d ....p of t.lll hl./ll>·st""ne:th lerles v .. 2.~ lnollel "ltb I
cnetfldent ct vsriatton ct 17 per <:eot.
,. TIle sir contentl of tba L"" snd Illllb streQBth .,.,oeret.........
6.6 snd 6.:> per <:eat rupeotivel.,y. The coeftlole<>h of
verlatlon vere 9 snd :> per cent ....pecttV<ll.,y.
•. Both tix de.161>1 experteoet<l. bL....dlQB .t the t1ae ct ca.ttll6.
'the ba.d11l6 or the lov·.u-.1\llth .,.,1>0,...1.41 vas 110,... IlOtiCMbll
tl>o.o tlIoot of the blllb-ltre<J&tb cooe...."".
,. '!bI,.., .... IXI .l.gn1tlC1.ot cl>o.nce io till ulti_to c..._ ..lve
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COEWSIOE
'!'Ile foll""l,. """""-l... lom ..... boo 4tw.YD f..- U. r.,~ daw
~t4ol. III \tol. a""'J'. '!'be.. cooc:l""l..... art __ .. \be f.U~
W.U. of fer'7'_" , 1_ bJ 6 1.Ddl 11&1>""1&11' C&"pl.e """"reW
apee~... waWd 1.ll direct~.. IOll.t • noW of ~Ilf; vlolcob. YUI""
rn. 1,000 to ~ eyel.. par _W.
1. !tI& f.'l&u* pnlperUH of 11&11Wt1&ll' "'KI'ePw """"rel.oe
........ , ella• .." .I.gnU'IC&IIt~ by Yar)'11lf; \be prop>n.1oDa
of flot aM c....... aunopta III u,. al" d"!&D.
2. 'Pba fa'If;"" proput.lea of 11&lltval6'>t ay.rtpta C'Q"""'Ut
.... DOt a1&lI1t1ealtUy dl1"fereat UllOa tbe f.t14ue properUea
Of DO.--l valgllt cOltereUt.
n
'1'111& otlJd,y '-I been ~on"uJ>O<l onl,y v1th the tat1&ue properU" ot
lIgMye1gbt e<lncre1.e !levitt;! tv<> <llttereO! 01'''0&1111. The .""",nt of time
required to collect <l&ta latted u... "'ne;" of ot,..,.. le""l "...er vIII 011
fat.l&ue data could b. oollflCted. Unfortunately ... 'I)' .tod.1u 00 the
r"t1sue of ""nerete vlll probably be bt.mpe.-ed by tbe t1llle f.etor utile..
\.be InvUtleal.Oro have le""...1 )'....n In vUell to inveHl.g.t.e ~ ft,t\&ue
of COncrete.
Tile ruulto of 1111& ato.o1y i<>:lleate t....t "very jlre<sut!on lIlUlIl be
taken to aln.lal.t.. the ~r of ""rl,abln "bleh _y be acting durll1& an
\oveatiglotlon. Care al>ould be taken to teH lpee1lllell& at, "' .-dy ..
p<lllible, u.. ......, Ige and. &'1)' other control t.llot.t would el1all,,,te the
b.tch_to·b&toh <lUte,..,nce, alJOuld be employed.
Foll""iDf\ b • 11.1 of auu;utlolll fOr further ru..arcb:
1. Mora info,.,..,t!on h _<><I to auppl_nt tbe ,nul•• of tllh
theala. Telt. Ihould be eoodueted at Lower atre•• level. to
""'...~ IIJV..t~t.c the exl.tenee or fatigue 1111111 for
l1gbt_1&ht "lIlIrego,te eooerete.
2. Tbe l1teratuu IlIu illdl",,_ that tbe ...,lature OOlltellt ot
l1g.b.t~1&llt &ANpte 1aIledi.&te~ prior to 1l1x1"ll baa no
ettect 011 tile atr."lltb or the ",,",crete. The .olature con-
tent 111&1, !><N'Oo..... , ha Il1'tect Oil the taUgI>e Pl'Ol"'rU••
or tl>& cOllCretfl .lId 1:.<11& i.&bl••1loIW1 -0. lllY•• t1ptecl..
}. II:Int 14.te .nt neO<ied to dew,..i ... tile efrect or the rate
or rati&ue load. appll<:t.tion nn tl1e r.ttll"" pt'Opert1u. It it
c.n be deUn1tel¥ concluded tlll.t the ra .... or loon eppl1cauon
111.. 1>0 erfect on the ht18"'" or """"rete, lIIOre nt.pld tc.tlllg
""Illn enable rut ....e 1nve.ti3at.eu t.e lIIOre """"pletely "'etel'lll.1ne
tile errecu or til. ver1ablu >llI.loh they .re ""IIOUl"llt<1 >11th.
T....per.tur.......IIT_"te .I>ollld .1.0 "" lDOlwO<! 10 tlli. type
or te.ti"l!'
~. n.t••l1Ouln be OOD(\uctlld t.e detenli.<>l: the ..... ohenJ, ... In "hl<:b
rUillue hllllTu take place In """".... te. Ofilia >lould .hed !lIOn




1. WOOdruN', ahn B' I "L1al>t w.1&bt eo"" ...t.e Plt._Dt. 011 tile 800 .. 'rao-
c1.co-o..k41ld ky Br14e,· J'roeeedl.e .••ri...... caDCrne InoUtu,,*,
yol. ,~, pp. ~.2~. 19,e.
2. St.epbe"., A. II., "rbe leo..-tc I'ooIdbll1tl.. Dr 1.l.gbw.1&ht Aggrepte
In Bulld.l",,· FrO",""-I",, ......rl .... eo"" ...t.ot I ... tttuU, Yolo 16,
pp. l~·l", 1926.
}. a.lWIU, rn.1lJi: G" "I<:Ol><lU"" or I.1gbt lIetsbt co-note 1<1 BuUA1op,'
l'rO,,"diQU, ....ri..... co"" ....te Iutitut.e, Vol. ~, pp. 925-9:9,
19}O-}l.
~. Jaup, Ilo.lpb II., SjlAr1l.o, Morrll M., eDd r.-, _rd c., "L1&h_tgbt
~pte e<>......t.oe •• f...,.....dll1!\!!. _deeD eo""...te t""Utuw,
Vol. ~" pp. 62,-692, 19119·
,. IIordby. C."" M., ..,.tlp of C,mcre"" - A il• ..".... or R......cb.·
JOUJ'llAl.....rlet.ll Oo""...te I ...tltute, Vol. ,0. 10. 2, pp. 191-221,
.........1 19~.
6. Joloo..l ~ htil1\l! Teotl!lfl. Bpeclal or."luI1eal P\lbll..Uoa l'a. 91,
_rl""D. SO<!lHy tor "".till@; lloo""r1&U. 19109.
7. llI>Ore, H. r., ellll. lC.-u, J. a., !!!! '.till.... 2! ""1.&11, ht ed.,
!lev York, MoGrav-K111llook Co., t""" 1927.
8.
,.
c....""'. I" htll5ue 2! loIot.e.Lo. L:e".l.IOted. by A. f. ""z>ner, IIov York
l'bllo,oopblcOil L1bl"U)', toc" 19:i}.
_., .... , Pll;r.lc. 2! *410!2! Alloyo. liOY TO~.Ir., Joho IIU• .)' oDd
SO",", 11><:., 19"7.
(IUle~l, B..... , l!!!.lIO'bo."10~ 2! 1"11"..<1"6 """"10 ....... Tork,
Johtl \1110.)' oDd SO,,", Ioc:., 1'n1.
11. S1.ll$e~, Fudl...od 1.., Stn",,~h 2! ICote<1.Lo. Mev To~k, IIarpe~
Br01.bero, 19:i1.
12. AI>Ule, Jolla do C., oDd MoLo\lghUo, Joh.o F., '","11&'" Stl><!..)' <>t
A1~-lotr.1l>ed CollU<l4," ,Iour...1, "'~I,,*.o Cooc:...1c I""~lt"4,
Vol. }O, 110. li, pp. lin-1182, *1 1m·
1}. A..I~le, Jolla d. C., "A 1I~ud.¥ at tJIO, hl1sl>e Frope~Ueo of AI,."
~tra1_ CoI><:... te," • n..,1, .1l'-ltW04 1;0 PurdU<lt \1ll.1....~UI;r
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'peal.. 2 Sta~1etlcd AIll!cw 2!. httgue, Special redlal..l Publlea-
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D.tTA SIlDT ral LL lID: - Ilo.t-cb 1
air toDtI!nt ~ 6., per ceDt




ege ..heQ te.1.ed (<lA10)










.. flnt.l> • " dIIy"
~- *"a... fltr "*,,t or Sttotlc
"'"" "'"" Streu Cycle. l:"<Iu'"*d lIltlaal.oO 8tnt"6th( 1") '~l
"'" 9,"", 10, }OI>,600 "eoo ","" ,,1~7.600 taIled ",'"' 111,800 688,700 tau.., '""'" 17,,.;10 1I},000 telled 70eoo 19,800 19,100 hu.d. ""
P1a.IUe fTo2!rU..





... al apeew.ll: a1 a\&r~ • )10 ..,.


















d_p .. r1p' lAc••
1 <Ia.¥ 111 ..1401
.tttle 2DS!!Ul011!!.!l
lOP _II ...._ ( ...,.)
b....u", .\nQf'&h (~t) " 2!,.... ,.".
'.'" '.'"'.'" ,,810. .. ,,8~,.... '."r.ti.....~
- or Ipee1M1l: .~ ItoIZt • " ..,.
.t rt.a1lb • '1 <la.¥1
~- *.- hr .,."t or 8t&t1c- - 8~....u C)'clll ~~~ UU"-t& '\n"l5tl1.(lb) (Uo)
700 U.,.. 10,~,loo ",.. 1~,,oo 9,2OlI,loo ",., 17,200 1,610,000 toU&d. ".. 2'0,100 )l,lloo t11l.&d. ",.. 2',000 1,600 t.U&d. eo
CoIPP!'"
"
age at apeet..a: at I~t • Yo c!aJ'1
at f1Dl.a. ~7 dAy_
>,no
>, "'"-.'"-.""},a"o
Ml..~ *.- Por 'OOODt of Static"'" ~, Str... eycl.. Ill<I...-..:! Ult~loe Strengtl>(1'0 l ( 1'0),= ll.= 10,~.lOO "llOO 1},100 ,.6n,>Xl r.u.:l ".. 16,m 1,217,000 ~~ '""" 19,200 l~.lOO hlU... 10.. ".= '.'" ,.~ "
Table 12
DATA 8JIU:T P'<Il LL MIX - Bootch :;
1 <1aJ' til -01"
27 da.,. til ..t~te4 1~ a<>l.\lt101l
~ vIlell t<tat.e4 (oSIo,a)
break1.. atnQStll (lJIIl)
&.lie ~ _peCl.eIl: .t _tart • }Io da)'a
.t tilliab. ~ cla:ta
~- -- Per e-Ilt ot Static.... .... St...... ",cia. .00_ UHt-t<t Stn.tll.
(~l (Ib)
,~ 10.000 11.72',,00 '",~ "",", ~,626,100 t.U.." '"~ 1'.000 2.262.~ t.U.." 60,.,
17.~ 26.,rxJ tai I.ed. '"llOO 19.900 1,900 tail.ed. ""
llMUe Prope,..Uu
.l<I:>p • ~·1/8 I.Qehel
prlll\tl
ag••t flol..... )2 .aYI
$t!tle 2o!F"'1I100 ~U
~ """ w.:t (dI)'l)
~n&ll" .t 1 (l'Il) ,....
'.'"'.'". ...
6.1~
It flll.1ab. 72 .a)'1
Per UDt or Stootle
















&1_ • 2-'/8 1"","...
llryillfl
age at 1I.•n • 26 da:/'a
"
at.tart • ~ dAy... tl,,1.1> • 79 ..,.
~- -~- hr nl1t of St.atlc.... .... !It......yo1.. .00_ UH.U Strengl.b
(lb) ( 1\1)





IlA!lto lIIlD:! ~ no IlII 1lI.~"h \
!O "'.... ,.8:10'.'" 6.}lo6.no '.'"'.'" '."'"'.'"
•• .~. • 10 d.t.1•
•• tlll.1.1> • "..,.,,- --.... .... Per ",ot or St6Ue
(llll ( 11» Strell clcle. .Di~ IIUa-"'t Stu"6\!>
8po,,~.. ..,t t ..'-I
"" n.,., \,7'1.}OO '"~ '"- n.,., ,. !r..i7 •200 r.ue ""'" ".- n6.loOO r.UN 60"'" >'.- 1.66,100 t,U. 70,- ".- >."'" '"~ "
..
DATA IIIlDT rQI Ill. MIX - "tell. ,
?~tl. frop!rtloo
ol..p • , 1l1dle.
OoPRt..
"
ace or .pee~ .., ot .tart .. ~,~.
lOt f1l1iall.. 89 daJ'.
.. wlIe .. r.otecl (~o)





















DATA SKtft tal IlL MIX • Be. t<;lr. 6
1 daJ 1t1 _iJU





















lr!AnsTtCAL AJW,ISIS " mnc '!KS'! w:n
"
~'I 'lU'!' rat BOII:CIJEU'l' rl'VlolllAO
rat 8!IlD:;!'II DolU 1QI4tRb;;ft CO.:lllft
" . VMr<O Xl i. u.., ...1... or 11ld1Y1<1.-.l. .pee~a
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- ..... , ...Uo,...
Yot.a.l 2~ 20.~.96
'.Q) (~, 201 • 2.87 < 6.~
.~ tbe ~ _"..uti......... 1,""1 t.IioI.... 1a ..._ 1.0 boll_ u.t u.. tin
s: . ~~.~
a; .. J ',...}2/'
a, .. ~.2) ~ 10.66
R, .. '.96 Jl 10.66
II, .. ,.,a II 10.66









, , , •, ,..•
".~ "., 17.2
• '"., "., 7.0, "., ".,, '.0
u u. ~ .~rl_ !nel u.... h ..._ to _ll.c.. Ula\ \be
...rap .~IlIUl or _~ u. , U d1J"tenllt u.... ~ ....... _~h
.u....u.. or be.l.<:I... U. 1 &%til U. ,.
Tabla 20
&\IlTUrtT·s TIS! rQl IQO;;I_m at VAIlLUt:l:
PUI lft'Rb:lD !»on IlIGI~ft C'O.:KI'ft
XI· 6000
10 "!>ere Xl h u.. ....1... or tba lDl.lv14_1
apee~ atraQ&Uoa ~r4e4 .. lIoblu 1)
"-' ILl J!U !U n6
-, -, .,. H' -..., "" ." ... ."." .., ." • 6 ."... ." ", .56 ..,." ., ." ->, ."
'J
, , , , ,
I J IJ .,. "" ", 'J' •,
I ~J 7~70 "'" 56" "" ''''•
( ~JI/!2Y116 ,,"00 "''' 17161 ,
'J ,o.a" 56.00 ".80 26.20 0.20,
706.7 1~.0 ,,6.7 _., 1106,.2'J...~
~J _
,




l"" -1 • J • 60.672~l J
• 1.:i2680
"






Aat.t.rSIS c.- 'fAllu.::l J'Olt~ mmII:U





, Z YIJ I ,,
". • t Z YIJ , 'J" J
1 1 ~J




" S". or Sq~. -" Sq~• "22.80 110:;.10
" 21609.20 1060.106,. 260}2.00
, notIo
Al tbe ,. .1&"1tlcoooe lnfIl tile"" 1e ............. ..., baH..... tMI
tbe tl'o••...erqe bal"" .trenpl>a an 411',.....111.
'I'"ble ZZ
IlL Kh
" • Z,.. " y • }760y .. 6260 SZ. 866.~5666SZ • 108~.66666
108~.66666
r .. 866.~5666 • 1.25





TItft J'(It tlUJZRU:,2 11 Bol,1'C'II 8'!REICTIIS













r .~(~,Io) .9.60 > 1.67
t. 2.'7'
t.~(81. 2.)06 < 2.'7'.
At u.. ~ .l&"1fl~ avel tile,... Ie AUO'l 1.0 J>.Ue..-e 10Iloo10 tboo









"'" 18""'" "", HI •2 .. 1·97• ,.,
Coded. ftnll8tb














1..05(8) • 2.}06 > 1.86
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" . """ . "
h'~ ~,M,... '.UlJ'l'l
TUU"", -re.Ut\6





I ~J "" ,.",
'J 10.6 - 6.0
" ,».8 960.'J,...,












t .0011J • 2.)S),. 0.92_.
T!S! I'(It DIn'IREIK:! III BATCH S'l'RElIlTllS























l r 1J U6 ,,
z ~J "" "''',
'J '9.6 0.6
.' 1277 .8 1100.8J
At tile 'Jlo alglllf1clO.ll".. level there 1e "" re...oll \0 beHeve tllo.t
~ <Yo var1An«& are dlfterent.
t. l.nO
At u.. ". elgn1t1..""'. l~l tbere 1& "" rep ..ll to "DeHne t'-t
tbe tvo ........ ant dUtentot.
~'"






















9,ll()lr, ,lOll -.- u u a u u a
, ..... It..... ....,
IlL lO,2J.6.500,- lO••,e.700-
LL lO.~.I>OO._ lo,~.600,_ 10••18,100,_ lO.~.lOO_
11,"72',:.00,-
110 "'" ",",'I. <:aD. bI -..
(.) _ ~...te. that u.. '1*'." 41.d ""1. fdl. 110 rwI ....1. .,... bI _ •
... lJl& u......~cl_ .t.... tbo actual .....r of <r,rcl.ea vl:llcl1 vlll
c._ t.U..... "" --...
At UIe '" .lanU'1..... ~1 u,.... 1a .... ..-.- \0 bell,.. that u. (dlaUe
Uh JI"P'llaU... or Uoe __• 41t1'u at Ul1 of UIe .~.. In,d, __•
r.ble 26
USA/! IIB:lRlSSIOl e.t.LCUL.t,TIO.,
LDI-sTRIJGTIl COII;IIrm - AU. u,f't'IlIS
Sue.. ~, - 'J
!2! l!! !!1!
,.e,a<)} \.6}~1 \.2!l10}
L<w or C)'c1.u ,."-16» \.7n6} ,.,...,





I 'IJ .'O.oB}2) 2}.~ 18.2\2\7, ,
181.}62\1 llo.n79\ 67.,'I\)}f 'lJ ,
L6I.oooli8 1l0.fmo\ 66."7'"(1I1Jl/'J,
" 6.0166) \.70172 }.jIo8\9
SlI .. 1 LI,'"q ,.
I I I 1J
j 1 (I l 1 I ... u8.\Ol}O
", J ,, '
".
b .. ::z .. -0.U6\O
, .... "lr - iJ
-lOll II • 1}.07~ - O.l1.8~(o •
" • 1~.071~7






-= " IS... <>t 89·....... _ .. 59.....
SLn•• a..u , l·.an·l 1·0,sn
1.........1".. , 1•.O~ 1•. 010"
~-
, 0.0,&91 O.o:l691






Bat",,",. IlL :<1. IlL ,. III. ~
Sl.rtn Le.... l - II J





~ llJ 1l.72~1· 10.~ u."n6,
69.1~1 ".1111~ ~.8~",1 l IJ, ,
( Il1J)/~J 68·1 "'76 , •• O'/ar.! l>2.8\~,
'J ,.06:<1}1 ,.1:19" }.71906
as • 1 %IIJ '"~1 J I (1 ~J IIJ ). ·'1.61560J
" . n~ ....L.- (1 II II ):<1• IIlJ J JJ J, • U~l • -0.1(6)51".
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~ " SUID or Sq""ru ~n Ss""••
'1«,.. t.,.. b , '.7ll1Y.l) 2.6~6
R·i..... too • ,.!l9f;l29 ,.It9b2~
Dept..."'re • 0.2022\ 0.2022.trl"Or • 0.001<78 O,OO119
~~. 6 '.105'1, Ileg...... lol> SS 0.96'11, . To<tal SS •,




At U. ~ dC..lU.......,. t..-l u.e... I • ...._ 1.0 ~U._ ll:e.l lla
So, ....~11.....1~ U lOCK l~.
UllEAR RE!lIS3l011 C\lCUU.TIOllS
Ilot.<:br. BL ,. B.L 6
su-... tA..I . ",





'" 1,.U:105 U .66,el2 9.m~•, , ".- ".""" ·".njlf,il'"• ,
66.020!.>, ~.n~(I fiJI IIIJ 9O."m•
" 6.721~ ,.8,191 ·.96870
I %r IJ
" . IIXJ l 1J J 1 I " J XJl • -".95)50" " j "J J
", , • (1IlJIJ2 '"• I IIJ I J "J •J J JJ
".. • --'J: • -O.~".
• • IlTIJ/tIlJ • ,.~~m
" J
.. • Z.'JIJ/lIJ • 70







) ( t t Y1J) ,
~, . , , " ,.120.\2'J •J I 'J ,
, t Y\J),
O.O%!510".. , I YlJ , 'J •J , J
I t I:\J I ,, .I 1









" SUIIl of $s.... ru Mean 69ua,..,, }.1.20}<' 1.)6016, 2.881.84 2.1:18184, o.2}6108 0.2;148
-' O.OW 0.01004, ,.l52ll6
Y ratio
".00
" . Level SSTotal SS .. 0.96961
r.. Q.95605
At the'" dgnUlea"c. level there I. reu"n to bel1ne t.llat tbe
Tabla }l
'!'1ST P'OIl DIrrElWICI Ill: calRnATIO~ eot:rrICDCIIl'S
Soollpla "'- , , !~-'lz (~_'lz2, " O.~" 1.8:>1H n._ H. })9610
U • 0.96169 2. }li.:!l} 9.368~ 21.9\228
m .1 0._ 1.89181 H''';' 10.BO~" J1.} 7 111.111
l2 • 1~.1~696 - 1}.~'~ • 0.721)0
J,~",(2) • '.99> 0.12
All or u.. follOO'lllS _1.... "". boo f_ Urllcl!J' lD lbe 1.1....r
I'IICl'llulOll ...1.,..~110'" a~ a", onlJ' ._rht04 lD lbU \able. TbII ckti-
Dtll_ of u.. .,-1& .- are f_ 1D fab" un or IIeter...C41 O?,.
,
0 1).~",;J , 0 - 1!8.'O1}O .... 11X1O.00000n, n, ,
'n, 0 ).70))1 , 0 - )1.67'60 , 0 fo6:i.7l~n, ,.,, 0 ,.1)<'66 , 0 -".~ , 0 "".-n, n, u,
'n 0 2~.}U" 'n • ~.O}29O 'u 0 ~.1n29
, • 1l.8~~ ,?- III • ~.01l109 ., 0 10'.101"
" ", • ".106106 ~ I~ • 1)9·9ll89," ,,
• 1~:~' 'Eo\a1 ?;,'I, "'lim 'n '.2'9291• 0" 1W. total, • "" C
2 I. • ooסס00.0,,1 " 0 1}l.170,.)7n2" " '
'., • "" ~ II\! • »11k .28'71,, ", ,?- 11f, lllOO'- 'u 0 10.11~9• rm rotal" " • 1~1'·2t!311 ToW
, / , 0 )028. l>O}l.Io ... • \lB16.llI:6<}2&1.Jl 1
\h I ':? 0 2~.01)11,
2Io".1~ 'n · - O? '}O)l&~, I ., • 907'.~ folal
J: J: ~J 0 7".}(60) 'n 0 ~.~kl
"J: I ~J ooסס00.0(0\1. 'u 0 l396.t00?6:l8
"Ill1J f 1J - 9/i69.6n80 'n 0 - 206.nll2
", ,> ~f!> 22.~1 ,,--, • , •u, u
u.
fib1. }2 (eoou.....-:I)
AIW.l'SIS or CO¥All1AJCl TAlILI
S<n:1'ce or _rlatlon s= of Sq..ru '-' "".n SQ..... ...,
Dey1a~i.... r .... t'q""uloll
vit"l .. ,"""pe 1·912" '" Q.~2
tllrr.l'OlloCea \>"'_0 re4'"*..lo","
vltbl .. arcu~ o. }2)Ol , O.l6J.~
Pevtatio"," vlU>1A d ......-'. 2.2"", ,. O.O:'}l~
Dnlatlo... betV"" &n>~PI
r .... II. ..""" , .."""
PHte",,,,,,,, bc~o '. am II. 0."'" , 0."'"
-.. Oftl'1lll ""&n..I .... I" 22.')7';1 , 22.~57·9
To..... l ~.6OUol "
•
• 1..)0065
,. !.~ . l).~
"""""
At u.. ~ l!&ll1n 1.....1 t.l>O , ........... 1.0 I>eUa_ lboot ti>lI
three alOp... d...1at<l r ..- ...... r U elope.




• 6.806 < 1.8:il
the t.llree olOpel aN> dU·tereot.
Tabl~ 3'
nsr Fell Dn~NCES BE'l'olEEN llf1'rnCEPTS
Thl. tuc 11 a t~o""'&;f ...ly&l. of varla=r In "hl~h the .""'. cr
aq\l&r... nave !><>en ca!cul.&tcd fl"OCO tlle 11",.111" regrellioll equanona
.~. m~
Source '" 6= of Sq"",'.. Moa.. 5s....c" F-ntlo$&o:.pl... , ,.192~ 2.5')6~ ~.9
Str.... 1"",,1.0 , 22. f>J.248 11. }062~
"'\.eucllo" • o.255ll'< o. (171106Error .l2 1.4132~ O'W:8
ToUI ,., 29.:;0. 21
At the'" algclrlcBoce level tile"" Ie ""asOl> \.0 believe tnat tile











n the ~ .~n1!lc.~ 1 <01 \lie .... 11 re...oll \.0 bel1eYe u..t I.lle
Intercept of .....pl" 111 I. dUOf "t t.han \CIle lntercepu or lne other
tvO ouphe.
Table }II















" 0 '.9129' - 0.29;101 0 ,.6799~, 0 '.97295 • 0.29,01 0 6.2~•
" 0 .·70395 - 0.18'32 0 •. 60}6,'. 0 ··78695.0.18,.'2 0 ~.97~2'1
" 0 ,.60109' - 0.29,01 0 ,. ,U9., 0 ,.60109' • O.29}Ol 0 ,.89796•
.. ,
t.O)( ,) 0 2.'706
t- o '.996010 • o.,,,u 0 '.660,.0 '.996010 • 0.}}566 0 6.}}p'•
t- o ••9~1•• 0.200)9 0 lI.n."0 •.9)l11l • 0.200)9 0 ,.1,.: r,•
~
0 ,.8682. -0.26}69 0 '.»11)6
0 ,.8682•• 0.28)66 0 ••l.~
Tabl.ot ~ (cootlnue4)
HIgb-5tn9ltll co"",re1A
',. 0 ,.""" " 0 6
". 0 "" t .05(1<) • 2.TI~
'j 0 "" '. 0 6.691<'1 - 0.~7 • 6.228011'" 0 6·69~'1 + 0.\6647 0 7·1609ll
'j 0 '''' '. 0 ,.81<'71 - o.~ 0 ,.~,'" • '.8~'71 + o.~ 0 6.1!<07}
'J 0 '''' " 0 1<.99691 - 0.466k7 0 ~ . ,}OIolo'" • ~.99691 + 0.\6647 • '.1I6}}S
u,
TIlT TO 1lETERlll_ DI7'rIIlJIICZ III '4TmUl: LIn:
'o'D' TUnIC AT DDnftU! s:PRDlI
'1 I. tM ....... r or .".~1.. t.o ....... hUure ~ lpeCl.e... l'1"OII



























At u.. ~ .l,p.ltt....,. 100..1 WIotA II DO .....011 to be11.... \l>et
Uoo,... b • ...,. dUt.....,. II I.l>ot tu,.... Uti lit 14bt"'l.&bt a&&"Pt.ot
eotlC..."" ,,"'... H 1. telWd H .~ <4 ~ C1cla. per 1l1"'t.e _lid
1000 cycle. I'u .1"'1.e.
•
APPZlI>n: D
!rfATlSTtCAI.. CCIll'AllISOlf f6' LIl;iIt'4IllIlT COlCRnl
IIIT11 lQ\H,l,L lIEIGIlT COllCl'lm
'I'.bl~ )6
'l'I3'I' 1Ul DlI'l'I:ll£!ICX III ClIlIlEt.l.'l"lO' COErrICID1S
So.1I21• 11-) , , (11-* {I-}):l
• " 0·952~1 1.851~1
n._ .1.~
n • 0.98169 2.~21' 9.}6a~ '".-
m , ,.""" 1.59761 '_6!.I~, 10.~
n " 0.6166, ,.- ,.".., 6·79112
" " 0.9}6}2 1.707" n.IW n·m'U., ".- liB.o,.,..,




Tl>e • .1.... ,-.-1_ lD tb1a hble _ be r_ rr- Appel>d1.x C
of Rd' ........ (22) ,ad 'I'ooble }l or Appe",U" c or \Ill, 1.Ot,1,.
• • l}.Hliro • • - ".622~. • • ·1).15000"n "n ""n• • 22.0"7.l9 • • . 90.~''''' • • ~l . .,,000" .. ".. ",.• • ~·na" • • -~.90907 • • 2121.21~" " q, • 69."'" " I., • }OO.66162 ., • 121;'.16.1.16'n ' pi I, • 67·11m " ,., • :26'.7000} '" • 1}.600}6'.. 'FA A, • nO' c2 1",,1 • a:.la2.~ 'I. • ,:!OO}2.06666.,. .", • '''' c2 ,.,,, • 921~O.~ 'n • ~·llm.,. .,.
C Yr•.,.
202J7 .691}l1• '17'.921}lo 'I., •...
C IrA.,.... • '126.8110" 'n • ~.26}06,
1"}.l205O ." 7}. }:lb72tlI IJ • •" ,
}2}158.000Q0 'q ~.9"~1 t llJ • •J ,




















































































































































































































































































Teot tor dHforet>Ce 'oetveeo dope•
• ~.167}1o
At UlII 51i al.gn.1ncaoe& kv<tl \!>ere 1. no zoe..."" to belle"" tbat
u",,..,, to .ny d1ttoret= b<:t~o tl>e f1"", dop....
